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To  Dr.  R.  ANGUS  SMITH,  F.R.S. 


My  dear  Uncle, 

To  no  one  can  I dedicate  this  small  volume  more 
fitly  than  to  you,  to  whose  never- varying  kindness  and 
ever-ready  help  I ascribe  whatever  of  scientific  worth  it 
may  contain. 

The  contents  have,  as  you  know,  been  published  to 
some  extent  before ; but  it  was  thought  that  it  would 
be  useful  to  those  engaged  in  sulphuric  acid  manufac- 
ture if  the  results  were  to  be  brought  together  in  a 
more  compact  form.  Hence  this  little  book. 

It  was  not  considered  necessary  to  supply  it  with  an 
index,  as  the  headings  of  the  various  chapters  suffi- 
ciently indicate  the  matter  contained  in  them.  The 
great  aim  has  been  to  make  it  as  quiet  and  as  unpre- 
tending as  possible. 

Ever,  my  dear  uncle, 

Yours  very  sincerely, 

H.  A.  SMITH. 


Manchester,  May  1873. 


INTRODUCTION. 


Sulphuric  acid  lias  been  known  from  very  early  times ; 
although  we  cannot  with  certainty  assign  any  date  to 
its  discovery,  it  appears  probable  that  it  was  discovered 
in  the  year  806  by  Rhazes,  a physician  in  Bagdad,  and 
not,  as  has  been  often  affirmed,  by  Basil  Valentine. 
This  point,  however,  must  be  left  to  others  more  compe- 
tent than  myself  to  judge  of  it.  One  thiug,  however, 
seems  certain,  that  it  was  first  prepared  by  the  distilla- 
tion of  sulphate  of  iron — green  vitriol.  This  substance, 
when  submitted  to  a high  temperature,  yields  a mixture 
of  sulphuric  and  sulphurous  acids,  the  sulphuric  acid 
thus  obtained  receiving  the  name  of  “Nordhausen 
sulphuric  acid,”  from  the  name  of  the  place  where,  at 
the  present  day,  this  manufacture  is  still  conducted  by 
the  distillation  of  the  sulphate  of  iron. 

As  time  wore  on,  however,  and  other  manufactures 
became  more  extensive,  this  acid  was  required  in  much 
larger  quantities  and  on  a less  expensive  scale.  It  is  to 
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Dr.  Roebuck,  of  Birmingham,  that  we  owe  the  method 
at  present  employed,  and  which,  since  its  introduc- 
tion, has  undergone  comparatively  little  change.  The 
changes  that  have  been  made  have  principally  tended 
towards  the  removal  of  practical  difficulties,  whilst  the 
principle  involved  in  the  original  process  remains  the 
same. 

Sulphuric  acid  manufacture,  as  carried  on  at  the 
present  day,  may  be  divided  into  three  parts : — 

1.  Burning  sulphur  or  a sulphur  ore  in  furnaces,  or, 
as  they  are  technically  called,  “ kilns.”  (Figs.  I.,  II.,  III.) 

2.  A large  chamber  in  which  the  condeusation  of  the 
acid  takes  place,  formed  of  sheets  of  lead. 

3.  The  necessary  supply  of  air,  of  gaseous  nitric  acid 
and  steam. 

When  sulphur  is  ignited  in  a current  of  air  it  vola- 
tilizes, and,  robbing  the  air  of  part  of  its  oxygen,  becomes 
converted  into  sulphurous  acid  (S02).  This  sulphurous 
acid,  which,  in  its  original  condition,  is  in  the  form  of 
gas,  passes  from  the  kilns  by  means  of  a flue,  enters  the 
lead  chamber  (No.  2 above),  where,  on  coming  in  con- 
tact with  the  gaseous  nitric  acid  and  steam,  it  becomes 
converted  into  sulphuric  acid  at  the  expense  of  part  of 
the  oxygen  of  the  nitric  acid  gas,  which  becomes  con- 
verted into  nitric  oxide ; this,  in  its  turn,  seizes  the 
oxygen  present  in  the  air,  and  returns  to  its  original 
condition. 

This,  as  may  be  seen  from  the  description,  is  a con- 
tinuous process.  And  theoretically,  although  we  find 
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not  so  practically,  a small  amount  of  nitric  acid  is  able 
to  convert  an  unlimited  amount  of  sulphurous  acid  into 
sulphuric  acid,  whilst  the  steam  which  is  present  in  the 
chamber  merely  acts  as  a carrier  of  oxygen  from  the 
air  to  the  nitric  oxide. 

The  lead  chamber,  in  which  the  condensation  takes 
place,  is  built  of  numerous  separate  sheets  of  lead, 
soldered  together  at  the  edges  by  means  of  the  hot 
flame  of  burning  hydrogen,  thus  omitting  the  use  of 
any  substance  which  would  be  liable  to  be  acted  upon 
by  the  chamber  gases,  or  by  the  acid  itself.  This  large 
continuous  chamber  is  generally  about  100  feet  long  by 
20  feet  high  and  30  wide.  The  size,  however,  depends 
entirely  upon  the  views  of  the  manufacturer. 

This,  then,  is  the  rationale  of  sulphuric  acid  manu- 
facture, seemingly  a simple  and  straightforward  process 
enough,  but  one  which  in  reality  requires  very  great 
care  and  attention.  The  great  difficulty  with  which 
manufacturers  have  to  deal  is  the  proper  management 
of  the  lead  chamber,  and  the  object  of  the  present  work 
is  to  endeavour  to  show  the  conditions  under  which  the 
greatest  amount  of  action  between  the  chamber  gases 
can  take  place,  and  to  lay  down  certain  definite  rules 
for  workmen  to  follow,  instead  of  trusting  to  the  general 
“rule  of  thumb”  management  of  the  present  day. 
Although  this  rough  method  may  not  be  done  away 
with  all  at  once,  yet  I trust  the  following  inquiry 
will  lead  an  intelligent  manager  or  foreman  to  trace 
to  their  cause,  in  a much  surer  and  more  rapid  manner, 
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the  ills  to  which  the  chamber  under  his  charge  is 
subject. 

Having  been  for  some  time  connected  with  this  manu- 
facture, I greatly  felt  the  want  of  some  such  guide,  and 
commenced  a series  of  investigations  into  the  various 
conditions  of  the  occurring  actions  among  the  gases — 
their  combinations  and  permutations,  and  the  laws  to 
which  they  are  subject.  The  result  of  these  investiga- 
tions I here  lay  before  the  public. 

In  the  following  pages  I shall  deal  with  sulphuric  acid 
made  from  pyrites  (sulphur  ore),  as  in  this  is  naturally 
included  that  made  from  pure  sulphur  ; but  the  former 
was  chosen,  as  it  forms  a great  stumbling-block  to 
manufacturers  on  account  of  the  impurities  it  contains, 
and  the  difficulty  of  removal  which  these  impurities 
present. 


[Fig.  1 . 
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Fig.  1. 

View  of  a set  of  ten  kilns  for  burning  sulphur  ores. 


Ground  Plan. 

Here  the  kilns  are  placed  back  to  back,  and  take  up 
less  room  than  when  each  is  built  separately. 

J>.  shows  the  grates  upon  which  the  ore  is  thrown. 
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Fig.  2. 

Section  of  pyrites  furnace. 

A.  Charging  door. 

B.  Door  by  which  the  charge  is  stirred  and  changed. 

C.  Movable  grate. 

D.  Door  by  which  charge  is  withdrawn. 
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Fig.  3. 
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Fig.  3. 

Front  of  the  pyrites  kilns. 

A.  Charging  door. 

B.  Door  by  which  the  charge  is  stirred  and  changed. 

C.  End  of  movable  grate.  In  No.  2 the  bars  of  grate 
are  shown : in  No.  3 the  rests  for  bars. 

D.  Door  by  which  charge  is  withdrawn. 
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On  the  Presence  of  Arsenic. 

The  great  drawback  in  the  manufacture  of  sulphuric 
acid  from  pyrites  is  most  undoubtedly  the  presence  of 
arsenic.  Its  removal,  even  if  it  can  be  done  completely, 
is  a work  of  difficulty  and  expense,  as  in  our  methods 
for  purification  we  must  take  into  account  the  various 
uses  to  which  the  acid  is  to  be  put.  It  is  my  intention 
in  the  present  chapter  to  trace  this  impurity  (arsenic) 
from  the  original  pyrites,  through  the  various  opera- 
tions with  which  the  acid  made  from  it  is  connected, 
to  the  last  stages  of  alkali-manufacture ; and  to  show 
also  that,  not  content  with  throwing  the  injurious 
gases  of  sulphurous  and  hydrochloric  acids  into  the 
air,  alkali-works  must  bear  the  blame  of  polluting  the 
atmosphere  with  the  still  more  dangerous  substance 
— arsenious  acid.  Although  the  amount  escaping  from 
a single  work  is  comparatively  small,  yet,  when  we 
consider  the  number  of  works  using  pyrites  in  the  for- 
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mation  of  sulphuric  acid,  we  must  confess  that  in  the 
end  it  mounts  up  to  something  very  considerable. 

General  amounts  in  various  pyrites. — There  are  two 
things  to  be  looked  to  in  choosing  an  ore  for  sulphuric 
acid  manufacture.  1st.  Its  breaking  property,  if  I 
might  so  call  it,  that  is,  its  power  of  breaking  into 
small  lumps  without  leaving  what  are  technically  called 
“ smalls.”  2ndly.  Its  freedom  from  arsenic. 

If  we  compare  the  amount  of  arsenic  in  published 
analyses  of  various  kinds  of  pyrites,  we  shall  be  as- 
tonished at  the  difference  between  these  and  the 
amounts  of  arsenic  found  in  the  acid  manufactured 
from  the  same  ores.  From  ores  containing  from  021 
to  031  per  cent,  arsenic  we  have  acid  containing  from 
1 to  1*5  per  cent,  arsenic. 

Taking,  for  instance,  the  analyses  of  various  pyrites 
given  iu  Richardson  and  Watts’s  c Chemical  Tech- 
nology,’ I find  that  the  largest  mean  percentage  of 
arsenic  present  varies  from  031  to  033  per  cent,  arsenic, 
whilst  some  are  mentioned  as  containing  merely  a 
“ trace,”  and  others  as  being  perfectly  pure — results, 
however,  which  are  never  corroborated  when  these  ores 
are  being  worked  on  a manufacturing  scale. 

Being  obliged,  in  my  capacity  as  chemist  in  an 
alkali- work,  to  turn  my  attention  to  this  subject,  I 
determined  to  make  an  extended  series  of  analyses  of 
such  specimens  of  pyrites  as  were  likely  to  suit  our 
purpose,  and  accordingly  drew  up  a Table  of  results, 
which  differed  to  a very  great  degree  from  those  gene- 
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rally  given.  In  the  following  Table,  I give  in  Part  I. 
the  amounts  of  arsenic  in  the  various  ores  given  in 
Richardson  and  Watts’s  £ Chemical  Technology and 
in  Part  IT.  my  own  analyses  are  given  at  full  length. 
The  differences  are  very  great ; still  I remain  satisfied 
of  the  truth  of  my  own  results  when  I consider  that  the 
increase  in  the  different  specimens  obtained  by  labora- 
tory analysis  was  an  index  to  the  increase  obtained  as 
the  result  of  manufacture. 

It  will  be  proper  to  speak  here  of  the  best  method 
for  the  determination  of  arsenic  in  pyrites.  After  much 
experience  I have  come  to  the  conclusion  that  fusion 
is  the  most  exact ; oxidation  with  nitric  acid  not  being 
so  reliable.  The  method  employed  in  the  preceding 
analyses  was  as  follows  : — 

A weighed  quantity  of  the  ore  was  fused  with  three 
parts  of  pure  carbonates  of  soda  and  potash,  and  one 
part  pure  nitrate  of  potash,  for  about  ten  minutes.  The 
addition  of  chloride  of  sodium  was,  I found,  perfectly 
unnecessary  for  the  estimation  of  the  arsenic.  The 
residue  was  then  boiled  well  with  water  and  filtered ; 
the  insoluble  portion  was  again  treated  in  the  same 
manner,  and  the  filtrate  from  it  added  to  that  of  the 
former.  This  filtrate  was  carefully  evaporated  to  one 
quarter  of  its  bulk,  and  the  arsenic  determined  by  two 
separate  methods — 1st,  by  precipitation  as  tersulphide 
of  arsenic  ; and,  2ndly,  as  the  arseniate  of  ammonia 
and  magnesia,  both  dried  on  a weighed  filter.* 

* Some  prefer  dissolving  the  precipitated  tersulphide  of  arsenic,  and 
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It  is  absolutely  necessary  in  every  case  to  fuse  the 
residue  remaining  from  the  first  fusion,  as  in  most 
cases  this  contains  the  greatest  amount  of  arsenic. 

The  methods  of  analysis  of  the  products  obtained 
from  the  sulphuric  acid  were  simply  modifications  of 
this  process,  unnecessary  portions  being  omitted. 


Table  I. 


Part  I. 

Name  of  Pyrites. 

Arsenic  per  cent. 
Mean. 

Spanish  . . 

0-21  to  0-31 

Belgian  . . 

trace 

Westphalian 

trace 

Norwegian 

none 

Irish  * 

0-33 

Cornish  . . 

0-32 

Italian 

trace 

Swedish  .. 

trace 

Cleveland . . 

then  reprecipitating  as  arseniate  of  ammonia  and  magnesia.  The  results, 
however,  obtained  by  tlie  latter  process  are  invariably  too  high. 

* In  Table  I.,  Part  I.,  tlie  largest  amount  of  arsenic  present  in 
any  ore  is  in  the  Irish,  and  even  then  the  amount  is  comparatively 
trifling.  In  some  Irish  ores  that  have  come  under  my  notice  the  result 
has  been  very  different  from  that  given  in  the  Table.  I have  analysed 
ores  containing  2 per  cent,  and  even  2 '3  per  cent,  arsenic,  and  one  of 
our  most  successful  acid  manufacturers  assures  me  that  he  has  often 
had  Irish  ores  containing  even  a larger  percentage  than  that  which  1 
have  given. 
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Table  I. — continued. 


Part  II. 

Arsenic  per  cent. 

Mean. 

Spanish : — 

Tkarsis’  . P542,  P620,  P644, 1-790,  P526, 1 ‘700,  P552,  PG61, 
1-686, 1-796  

1-651 

Mason’s  . 1-744, 1-810,  P891, 1-770, 1-661,  1-692, 1 711,  P754, 
1-601,1-719  

1745 

Belgian  . . 1-000, 0-664, 1-621, 0-743, 1-002,  0-624, 0'972, 0-924 

0-943 

Westphalian  1 -886, 1794, 1-802, 1-936, 1’899, 1-900, 1-921, 1-889 

1-878 

Norwegian : — 

Hard  . . 1-440, 1-916, 1-633, 1-621, 1-648, 1*611,  P692, 1-631 

1-649 

Soft  . . 1-794, 1731, 1-664, 1-632, 1700, 1-621,  1-816,1709 

1-708 

Here  the  Belgian  pyrites  contains  the  smallest  amount 
of  impurity  ; but  this  had  the  fault,  on  being  broken, 
of  crumbling  very  much  and  leaving  a large  amount  of 
“ smalls.”  The  next  in  order  of  purity  is  the  hard 
Norwegian.  This  was  a good  breaking  and  burning 
ore,  firm,  compact,  and  easily  raised  to  a red  heat  in 
the  kilns ; so  it  was  found  preferable  to  burn  this  ore, 
even  with  the  increased  amount  of  impurity,  rather  than 
use  the  Belgian  containing  a small  amount,  but  which 
carried  along  with  it  the  great  inconvenience  of  making 
“ smalls.” 

Arsenic  present  after  burning. — After  the  hard  Nor- 
wegian pyrites  has  been  burnt,  I find  a trace  of  arsenic 
still  remaining  in  the  burnt  ore ; this  amount  is  very 
small — four  analyses  giving  as  an  average  only  0465 
per  cent,,  so  that  the  greatest  amount  of  that  originally 
present  has  been  expelled  from  the  pyrites. 
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Deposit  in  flue  leading  from  kilns  to  lead  chamber. — 
This  flue  when  cleaned  out  presented  a strange  appear- 
ance. Its  length  was  about  twenty  feet,  and,  with  the 
exception  of  about  ten  feet  from  the  “ kiln  ” end,  was 
thickly  coated  (and  even  partially  filled)  with  a shining 
deposit,  which  on  examination  proved  to  be  a mass  of 
sulphur  in  a perfectly  viscous  state,  containing  4C-360 
per  cent,  arsenic  trioxide. 

When  lighted  it  burned  with  the  ordinary  blue 
sulphur-flame,  and  on  inserting  a piece  of  cold  porcelain 
in  the  vapour,  gave  a deposit  of  sulphur  along  with  a 
considerable  amount  of  arsenious  acid.  (See  Table  II.) 

Sulphuric  Acid. — Passing  along  the  flue  into  the 
chamber,  I find  the  sulphuric  acid  containing  a large 
amount  of  arsenic.  As  an  average  of  twelve  analyses, 
P051  per  cent,  arsenious  trioxide  is  the  result ; so  that 
in  passing  through  the  flue  above  mentioned  it  must 
have  lost  a large  proportion  of  that  originally  present 
in  the  pyrites.  (See  Table  II.)  It  is  from  the  sul- 
phuric acid  itself  that  the  arsenic  should  be  removed, 
as  this  acid  is  the  groundwork  of  the  whole  following 
alkali-manufacture. 

Deposit  on  bottom  of  lead  chamber. — On  the  bottom  of 
the  lead  chamber,  and  sometimes  on  the  sides,  a grey 
siliceous  mass  is  found,  interspersed  here  and  there  with 
clusters  of  delicate  regular  crystals,  the  transparent 
elongated  prisms  of  arsenic  acid.  The  transformation 
from  the  arsenious  acid  we  find  in  the  flue  to  the  arsenic 
acid  of  these  crystals,  has  evidently  been  completed 


On  the  Presence  of  Arsenic. 


7 


along  with  the  oxidation  of  the  sulphurous  acid.  In 
this  deposit  the  percentage  of  arsenic  trioxide  varied 
from  1*81 1 to  1-9  per  cent.,  the  rest  consisting  of  sul- 
phate of  lead  and  silica.  (See  Table  II.) 

Hydrochloric  Acid. — When  the  sulphuric  acid  made 
from  pyrites  is  mixed  with  common  salt  in  the  rever- 
beratory furnace  for  the  formation  of  sodium  sulphate, 
the  arsenious  acid  present  in  the  acid  is  converted  into 
the  terchloride  of  arsenic,  and  escapes  along  with  the 
hydrochloric  acid  to  the  condensing-towers.  This  con- 
version is  very  nearly  complete,  as  the  amount  of  arsenic 
present  in  the  sodium  sulphate  is  very  small.  In  the 
hydrochloric  acid  a mean  of  eight  analyses  gives  069 
per  cent,  arsenic  trioxide,  the  amounts  varying  from 
0589  to  0911  per  cent.  (See  Table  II.) 

Sulphate  of  Soda. — The  amount  present  in  this  is 
very  small.  As  mentioned  above,  the  conversion  from 
the  teroxide  to  the  terchloride  of  arsenic  is  wonderfully 
complete,  the  percentage  in  the  sodium  sulphate  being 
only  0029  per  cent.  (See  Table  II.) 

This  still  shows  us  how  careful  we  ought  to  be  in 
obtaining  pure  sulphate  of  soda  for  medicinal  purposes. 


Table  IT. 
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Table  III. 


Tons. 

Ton  As. 

100 

» 

100 

140-875 

If 

Hard  Norwegian  pyrites  (Table  I.)  contain,  before  burning  . 
„ „ „ „ after  burning 

tons. 

Hard  Norwegian  pyrites  make  140-875  II2  SO1,  containing  . 
Sulphuric  acid  make  . . .104-9  HC1  „ 

„ „ 204-12  Nu2  SO4  „ 

1-649 

0- 465 

1- 481 
0-724 
0-059 

In  this  Table  the  amounts  are  given  in  a manner 
more  useful  to  manufacturers. 

Deposit  in  flue  leading  from  salt-cake  furnace  to  con- 
densing-towers. — This  flue,  about  twenty  feet  long,  leads, 
for  the  most  part  in  the  open  air,  from  the  salt-cake  fur- 
nace to  the  condensing-towers.  The  part  from  which 
the  deposit  was  taken  was  about  fifteen  feet  from  the 
furnace.  At  first  sight  the  deposit  seemed  to  be  com- 
posed merely  of  common  salt  and  a little  sodium  sul  • 


Table  IV. 

Flue  from  Salt-cake  Furnace  to  Towers. — Deposit. 


No.  of  analysis. 

Arsenic  trioxide. 

1. 

per  cent. 
44-064 

2. 

42-936 

3. 

45-333 

4. 

39-982 

5. 

46-449 

6. 

44-398 

7. 

40-441 

8. 

38-977 

9. 

47-732 

390-912 

Mean  . 

43-4346 
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phate,  but  on  examination  with  a hand-microscope  small 
octahedral  crystals  of  As2  O3  were  distinctly  seen. 

On  analysis  this  deposit  gave  43*4  per  cent,  arsenic 
trioxide.  This  flue  had  been  in  constant  use  for  some 
years.  (See  Table  IV.) 

Coke  in  condensiny-towers. — Although  not  expecting 
to  find  any  arsenic  in  this,  thinking  that  the  water  in 
the  towers  would  completely  decompose  the  chloride  of 
arsenic  which  escaped  from  the  reverberatory  furnace, 
I made  an  analysis  for  it.  For  every  analysis  10  lbs. 
of  coke  were  employed,  and  digested  first  with  pure  dis- 
tilled water  and  afterwards  with  perfectly  pure  hydro- 
chloric acid.  Arsenic  was  very  easily  detected  in  this 
solution.  As  an  average  of  three  analyses,  I find  2’8 
per  cent,  arsenic  trioxide,  the  variation  being  from  2‘(j 
per  cent,  to  3'2  per  cent.  As2  O3.  It  is  difficult  to 
imagine  how  this  arsenic  has  been  retained  in  the  coke, 
as  it  would  have  been  expected  that  the  decomposition 
of  the  terchloride  by  the  water  in  the  towers  would 
have  been  complete.  (See  Table  V.) 

Table  Y. 


Coke  from  Condensing-towers. 


No.  of  analysis. 

Arsenic  trioxide. 

per  cent. 

1. 

2-641 

2. 

3-182 

3. 

2-837 

8-660 

Mean  . 

2-886 
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Air  in  flue  from  condensing -towers  to  chimney. — Not 
only  is  the  decomposition  of  the  arsenic  terchloride  not 
completed  in  the  towers,  but  a considerable  amount  of 
arsenic  (in  what  condition  I am  not  aware)  escapes  from 
the  flue  leading  from  the  condensing-towers  to  the 
chimney  of  the  works.  The  amount  of  air  passing 
through  this  flue  was  31,722  cubic  feet  per  hour,  and 
for  each  analysis  500  cubic  feet  were  taken.  The 
method  employed  for  collecting  the  arsenic  (trioxide  ?) 
contained  in  the  air  passing  through  this  and  the  next- 
mentioned  flue  was  as  follows  : — The  air  was  aspirated 
through  three  bottles  containing  respectively  TPO,  HC1, 
and  AgNO3.  The  gas  was  allowed  to  bubble  very  slowly 
through  the  solutions ; the  bottles  containing  them  were 
capable  of  holding  40  ounces,  and  were  about  half  filled. 
It  was  found  in  most  cases  (it  might  almost  be  said  in 
all)  that  the  AgNO3  solution  was  unnecessary,  the  H20 
and  the  PIC1  absorbing  all  the  arsenic  which  was  in  the 
air  drawn  through. 

As  an  average  of  twelve  analyses,  the  following 
results  were  obtained  : — 

As-  O3  As2  O3  As2  O3 

per  1000  cubic  feet.  per  hour.  per  day. 

0"  158  grain.  5 ■ 012  grains.  120 ‘282  grains. 

This  amount  may  appear  small ; but  when  we  con- 
sider that  the  120  grains  per  day  are  from  the  chimney 
of  one  works  only,  the  question  becomes  rather  a serious 
one  when  we  take  into  account  the  number  of  manufac- 
tories employed  daily  in  throwing  this  amount  into  the 
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air  even  within  a short  distance  of  Manchester.  (See 
Table  VI.) 


Table  VI. 

Flue  leading  from  Condensing-towers  to  Chimney. 
Amount  of  air  taken  for  each  analysis  = 500 
cubic  feet. 


Amount  of  air  passing  = 31,722  cubic  feet  per  hour. 


No.  of  analysis. 

As3  O3  per  1000 
cubic  feet. 

Amount  per  hour. 

Amount  per  day. 

grain. 

grains. 

grains. 

1. 

0-068 

2-157 

51-768 

2. 

3. 

0-082 

2-601 

62-424 

4. 

0-072 

2-284 

54-816 

5. 

0-102 

3-235 

77-640 

6. 

0-064 

2-030 

48-720 

7. 

0-198 

6-280 

150-720 

S. 

0-248 

7-867 

188-808 

9. 

0-186 

5-900 

141-600 

10. 

0-232 

7-359 

176-616 

11. 

0-262 

8-311 

199-464 

12. 

0-382 

12-117 

290-808 

1-896 

60-141 

1443 -3S4 

Mean  . 

0-158 

5-012 

120-282 

Closely  connected  with  this  is  the  specimen  of 
Air  taken  10  feet  from  bottom  of  chimney. — The  same 
amount  of  air  was  taken  for  each  analysis  in  this  case 
as  in  the  former,  namely  500  cubic  feet,  the  mean  of 
nine  analyses  in  this  case  being 

As2  O3 

per  1000  cubic  feet. 

0*086  grain, 

or  nearly  Ao  ST-  Per  1000  cubic  feet.  Surely  such  a state 
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of  things  ought  to  be  prohibited.  The  arsenious  acid 
thrown  into  the  atmosphere  must  in  some  places  be  very 
large.  Of  its  danger  there  can  be  no  doubt.  But  the 
great  problem  will  be  how  to  prevent  its  escape.  It  is 
owing  to  no  carelessness  on  the  part  of  the  manu- 
facturers ; and  it  is  one  of  those  things  that  in  our 
present  state  of  knowledge  it  is  scarcely  profitable  to 
remove.  On  whom  must  the  blame  rest  ? 

Table  YII. 

Specimen  of  Air  taken  10  feet  from  the  bottom  of 

Chimney. 

Amount  of  air  taken  for  each  analysis  = 500  cubic 

feet. 


No.  of  analysis. 

AsI 2  O3  per  1000 
cubic  feet. 

grain. 

1. 

0-040 

2. 

0-022 

3. 

0-086 

4. 

0-062 

5. 

0-112 

6. 

0-054 

7. 

0-122 

8. 

0-132 

9. 

0-144 

0-780 

Mean  . . 

0-086 

I hope  to  speak  in  another  chapter  on  some  of  the 

methods  employed  for  the  removal  of  this  “ nuisance  ” ; 

in  the  mean  time  I must  proceed  to  speak  of  the 
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remaining  substances  of  alkali-manufacture.  The  last 
examined  was  the  sodium  sulphate ; the  next  to  un- 
dergo analysis  was 

Sodium  Carbonate. — This,  up  to  the  present  time,  has 
been  found  perfectly  free  from  arsenical  impurity ; 
fifteen  samples  from  twelve  different  works  were  sub- 
mitted to  analysis,  and  none  was  discovered. 

Soda-waste. — In  this  the  amount  is  comparatively 
trilling,  giving  as  an  average  of  six  analyses  0*442 
per  cent,  arsenic  trioxide.  (See  Table  II.) 

Recovered  Sulphur.  Mond’s  process,  before  and  after 
purification. — In  specimens  of  sulphur  recovered  by 
Mond’s  process  I have  sometimes  found  great  differ- 
ences, the  amounts  varying  sometimes  from  0*442  to 
0*901  per  cent,  arsenic  trioxide ; but  its  presence  to 
this  extent  is  only  found  in  the  unpurified  samples.  In 
those  which  have  undergone  purification  none  whatever 
is  found,  the  average  of  four  analyses  of  the  unpurified 
sulphur  being  0*7  per  cent. 

I think  the  foregoing  analyses  allow  a simple  and 
direct  deduction  to  be  drawn ; and  that  is,  if  the  arsenic 
is  to  be  removed  at  all,  everything  points  to  the 
sulphuric-acid  stage  as  that  in  which  the  removal  ought 
to  take  place.  Sulphuric  acid  is  the  corner-stone  of 
alkali-manufacture  ; cleanse  it,  and  the  whole  is  clean. 
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Methods  for  Removal  of  Arsenic. 

Two  precautions  have  to  be  taken  into  account  in  the 
methods  employed  for  the  removal  of  arsenic  from  sul- 
phuric acid. 

1st.  The  substance  or  agent  which  is  used  in  the 
purifying  process  must  have  no  deleterious  effect  on 
any  article  in  the  manufacture  of  which  the  acid  is 
required. 

2ndly.  We  must  prevent  our  works,  as  far  as  in  us 
lies,  from  becoming  a nuisance  to  our  neighbours. 

The  item  of  expense  is  naturally  a matter  of  course. 

The  following  purifying  agents  have  been  carefully 
tried,  with  the  following  results: — 

Sulphuretted  Hydrogen  in  a gaseous  state. — This  is,  I 
believe,  in  use  in  many  cases,  but,  as  far  as  I can  make 
out,  with  very  variable  results.  For  my  own  part,  I 
found  it  infringed  the  second  requisite  of  a purifier, 
inasmuch  as  it  became  a “nuisance,”  and,  which  was 
much  more  serious,  was  too  expensive.  The  plan 
employed  in  this  case  was  a very  simple  one. 
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A leaden  pan,  three  feet  in  depth  and  width,  and 
twenty-four  feet  long,  was  nearly  filled  with  the  acid 
to  be  purified ; into  this  pan  sulphuretted  hydrogen 
was  passed  by  means  of  an  iron  pipe  terminating  in  a 
leaden  one  where  it  dipped  into  the  acid ; this  leaden 
pipe,  which  extended  along  the  length  of  the  pan,  was 
drilled  throughout  its  length  with  fine  holes,  through 
which  the  gas  bubbled  into  the  acid.  After  the  arsenic 
had  been  all  precipitated,  the  acid  was  run  into  another 
smaller  pan  of  about  one  foot  square,  filled  with  fine 
coke,  which  rested  upon  a false  drilled  bottom  ; through 
this  coke  the  acid  filtered  whilst  the  precipitated  sul- 
phide of  arsenic  was  retained  on  the  filter.  This  small 
filter  was  cleared  out  every  day. 

The  leaden  pan  in  which  the  precipitation  took  place 
was  covered  with  a wooden  roof  having  a small  outlet 
leading  into  an  iron  pipe,  which,  passing  out  of  the 
shed,  was  raised  to  a red  heat,  thus  decomposing  the 
escaping  sulphuretted  hydrogen.  The  sulphur  thus 
obtained  was  then  burned  in  the  sulphur-kilns.  The 
remaining  gases  were  then  passed  into  the  chimney. 

Whether  from  defective  draught,  or  from  the  unsuit- 
ability of  the  process  to  the  required  purpose,  this  plan 
did  not  answer ; whilst  the  use  of  acid  to  liberate  the 
gas,  together  with  the  difficulty  in  regulating  the  supply, 
made  the  expense  of  working  too  great. 

Instead  of  using  separate  acid  to  liberate  the  sul- 
phuretted hydrogen,  I tried  to  use  that  which  was  to 
undergo  purification,  by  the  addition  first  of 
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Sulphide  of  Iron. — The  sulphide  of  iron  was  simply 
ground  to  a rather  fine  powder,  and  then  added  to  the 
acid.  This  plan  is,  of  course,  only  admissible  in  certain 
cases.  For  acid  employed  in  wire-working,  galvanizing, 
or  similar  work,  purification  by  the  simple  addition  ol 
ground  sulphide  of  iron  is  quite  safe,  and  completely 
answers  the  purpose  required;  whereas  that  containing 
arsenic  cannot  be  used,  its  action  having  a deleterious 
effect  upon  the  iron.  Acid  purified  by  this  means, 
however,  cannot  be  used  in  bleaching,  dyeing,  or  print- 
ing ; so  that  its  field  of  usefulness  is  extremely  limited ; 
still,  as  a purifying  agent,  it  was  all  that  was  required. 

Sodium  Sulphide. — As  this  was  a substance  capable 
of  being  used  in  most  cases,  more  care  was  expended  on 
it  than  on  either  of  the  former.  The  sulphide  of  sodium 
employed  was  made  from  black  ash,  and,  although  con- 
taminated with  a little  lime,  answered  the  purpose  com- 
pletely. The  method  of  application  was  as  follows  : — 

A known  amount  of  sulphuric  acid  containing  a 
determined  percentage  of  arsenic  trioxide  was  run  into 
a large  leaden  pan,  and  a calculated  amount  of  sodium 
sulphide  added.  At  the  bottom  of  this  pan  a layer  of 
coke,  which  had  previously  been  well  digested  with 
hydrochloric  acid  to  free  it  from  iron  and  other  im- 
purities, was  placed,  through  which  the  acid,  being  run 
upon  it,  filtered,  thus  freeing  it  from  the  precipitated 
tersulphide,  whilst  it  was  run  out  from  the  pan  by  a 
tap  at  the  bottom.  The  precipitate  was  removed  from 
this  filter  every  night;  but  the  coke  was  allowed  to 
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remain  for  a long  time,  two  or  three  months  sometimes 
elapsing  before  removal.  The  escaping  sulphuretted 
hydrogen  was  conveyed  away  by  a process  similar  to 
that  employed  in  the  sulphuretted-hydrogen  method. 

The  results  obtained  by  this  method  were  very  satisfac- 
tory, and  the  expense  was  extremely  moderate — one  hun- 
dred gallons  of  sulphuric  acid  giving  only  a very  minute 
trace  of  arsenic  after  being  subjected  to  this  process. 

The  deduction  I naturally  draw  from  the  results  of 
the  above  methods  of  purification  is,  that  sulphuretted 
hydrogen  can  precipitate  the  last  traces  of  arsenic  in 
the  acid  it  is  required  to  purify.  The  only  difficulty 
lies  in  the  method  to  be  employed,  and  the  means  of 
getting  rid  of  the  escaping  sulphuretted  hydrogen 
which  has  been  allowed  to  be  present  in  excess.  It  is 
necessary  to  state  that  the  above  method  of  decompo- 
sition of  that  gas  did  not  full)7  answer  the  purpose 
required. 

Sodium  Chloride. — The  next  plan  tried  was  purifi- 
cation by  the  addition  of  common  salt  to  the  acid.  It 
was  thus  supposed  that,  according  to  the  general  rule,  the 
arsenious  acid  would  be  converted  into  the  terchloride 
of  arsenic,  and  escape  as  such.  This,  however,  was  found 
unsuitable,  for  many  reasons. 

In  the  first  place,  the  decomposition  of  the  salt  is 
not  perfect,  a considerable  amount  remaining  in  the 
acid  as  sodium  chloride.  Next,  its  action  upon  the 
ordinary  brown  vitriol  (as  it  runs  from  the  chamber) 
was  found  not  to  be  so  perfect  as  upon  that  undergoing 
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refining,  so  that  it  was  necessary  to  add  the  salt  to  the 
glass  retorts  after  they  had  been  in  action  for  some 
time.  This,  of  course,  entails  great  inconvenience. 
The  necessity  for  opening  the  retort  after  the  acid  has 
been  for  some  time  in  a state  of  ebullition  is  at  once 
very  disagreeable  and  very  dangerous,  whilst  the  sud- 
den and  powerful  (partial)  action  upon  the  salt  makes 
it  an  attempt  not  to  be  incautiously  determined  upon. 
If,  on  the  other  hand,  the  salt  is  introduced  into  the 
retort  before  the  acid  has  commenced  boiling,  it  collects 
in  considerable  amount  at  the  bottom,  and  thus  causes 
the  mortality  among  the  retorts  to  become  a matter  of 
some  consideration,  as  well  as  making  it  a dangerous 
occupation  for  the  man  whose  business  it  is  to  watch 
them,  as  the  bursting  of  such  a retort  over  a fire  carries 
with  it  great  danger.  This  plan  then  was  thrown  aside. 
Although  it  could  compete  with  any  in  cheapness,  yet 
it  carried  too  many  inconveniences  with  it  to  become 
practicable.  The  following  numbers  may  perhaps  be 
interesting : — 


Sulphuric  Acid. 

Sulphuric  Acid. 

As  303  per  cent. 

As  30*  per  cent. 

(before  purification). 

(alter  purification). 

1-131 

contained 

0-34 

1-303 

JJ 

0-48 

0-991 

>> 

0 03 

The  above  figures  show  that  the  decomposition  was 
not  perfect  enough  for  the  plan  to  be  made  use  of  on  a 
manufacturing  scale.  I had  found  it  to  answer  per- 
fectly in  my  laboratory  experiments,  and  so  hoped  that, 
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when  extended  to  the  working  scale,  it  would  be  equally 
successful. 

Hydrochloric  Acid. — A stream  of  hydrochloric  acid 
gas  was  passed  into  the  acid  required  to  be  purified, 
supposing  the  decomposition  in  this  case  would  be 
similar  to  the  above.  This,  however,  was  open  to  the 
same  objections  as  the  former,  with  the  additional  one 
that  the  expense  entailed  by  the  process  is  too  great  for 
any  practical  purpose. 

In  looking  over  the  foregoing  processes,  one  or  two 
natural  conclusions  force  themselves  upon  me.  The 
process  which,  as  far  as  I can  yet  see,  we  must  rely 
upon  for  the  purification  of  our  acid  is  that  which 
depends  upon  the  use  of  sulphuretted  hydrogen.  Pre- 
cipitation is  much  surer,  and,  indeed,  more  perfect, 
than  decomposition.  The  latter  is  dependent  upon  too 
many  conditions.  The  heat,  the  completeness  of  de- 
composition of  the  salt,  the  rapidity  with  which  the 
liberated  bubbles  of  hydrochloric  acid  gas  pass  through 
the  acid,  all  exercise  a great  influence  upon  the  success 
of  the  process.  Whilst  sufficiency  of  gas  is  the  only 
requisite  in  the  former  case,  the  latter  depends  upon 
too  many  causes,  too  many  conditions.  Certainty  in 
this  case  must  be  striven  for  before  rapidity : once  gain 
the  former,  and  we  may  be  sure  of  the  latter  following 
in  its  own  good  time.  Besides,  in  the  present  condition 
of  the  law  of  the  country  in  such  matters,  sulphuretted 
hydrogen  is  a much  safer  gas  to  throw  into  the  atmo- 
sphere than  hydrochloric  acid ! 
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I have  thus  given  my  own  experience  of  the  best 
methods  of  the  purification  of  sulphuric  acid,  gathered 
during  a pretty  continued  search  after  some  sure  and 
practical  method  both  in  respect  of  efficiency  and 
economy.  I have  chosen  to  do  this  rather  than  gather 
together  the  experiences  of  others — partly  because  these 
experiences  are  comparatively  few  and  far  between,  and 
partly  because  this  matter  has  been  looked  upon  by 
manufacturers  as  being  of  a merely  secondary  nature. 
But  I was  led  to  inquire  into  it  in  a more  serious  manner 
from  the  fact  of  having  seen  much  acid  returned  to  the 
manufacturers  as  being  unfit  for  use  owing  to  the 
presence  (supposed  !)  of  Iron,  whilst  all  the  disturbance 
arose  from  the  presence  of  this  extremely  difficult-to- 
be-got-rid-of  substance,  arsenic.  In  several  instances, 
also,  which  have  come  under  my  notice  in  the  cases  of 
manufacturers  of  ammonium  sulphate,  many  hundred 
pounds’  worth  of  material  has  been  lost  through  the  use 
of  acid  containing  this  impurity,  while  the  unfortunate 
makers  were  vainly  searching  for  their  old  enemy,  Iron. 

The  importance  of  examination  for  the  presence  of 
arsenic  can  scarcely  be  too  strongly  urged  upon  the 
manufacturers  of  such  materials.  In  conclusion  let  me 
say  that,  as  far  as  my  own  experience  goes,  the  use  of 
sodium  sulphide  answers  the  purpose  to  a more  perfect 
degree  than  any  other  process.  Of  course  many  im- 
provements can  be  made  upon  the  method  of  appli- 
cation given  above ; yet,  for  a rough  but  satisfactory 
method,  I have  found  it  sufficiently  accurate. 
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An  Experimental  Examination  of  the  Circum- 
stances which  Determine  the  Action,  inter  se, 
of  the  Gases  in  the  Lead  Chamber. 

This  inquiry  was  entered  into  in  the  hopes  of  being 
able  to  throw  some  light  on  the  interior  economy  of 
the  lead  chamber,  as  at  present  used  in  the  manufacture 
of  sulphuric  acid.  Although  the  method  ordinarily 
employed  to  show  the  theory  of  the  formation  of  this 
acid  is  a very  good  one,  yet  there  are  numerous  points 
which  cannot  be  shown,  and  which  can  only  be  pointed 
out  by  the  agency  of  chemical  analysis. 

No  one  has  yet  attempted  to  do  this  minutely;  and 
our  knowledge  of  the  phenomena  of  alkali  manufacture 
is  in  many  respects  very  much  behindhand.  Experi- 
ments have  certainly  been  made,  and  great  successes 
have  been  achieved  on  all  sides,  but  these  have  tended 
more  to  broad  generalizations  than  to  exact  chemical 
facts — to  the  manufacturing,  not  to  the  scientific  side 
of  the  question.  The  interior  of  the  lead  chamber  is 
comparatively  an  unknown  land  to  us.  Lowthian  Bell 
has  lately  traced  the  actions  occurring  in  his  blast- 
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furnace  through  every  stage,  from  the  bottom  to  the 
top,  in  a series  of  most  laborious  experiments ; hut  no 
one  has  yet  done  this  with  the  sulphuric  acid  chamber. 

I now  venture  to  hope  that  this  very  limited  attempt 
to,  at  least,  commence  such  an  investigation  may  be  of 
interest,  not  only  to  those  engaged  in  the  manufacture, 
but  to  those  who  merely  look  at  it  from  a scientific 
point  of  view. 

In  observing  the  theory  of  the  manufacture  of  sul- 
phuric acid,  there  were  many  points  which  it  struck  me 
would  well  repay  a closer  examination.  It  is  well 
known  that  when  sulphurous  acid  comes  into  contact 
with  one  of  the  high  oxides  of  nitrogen,  it  deprives  it  of 
its  oxygen,  provided  the  contact  takes  place  in  the  pre- 
sence of  steam.  But  there  are  many  causes  which 
prevent  this  action ; and  it  is  not  an  uncommon  thing 
to  see  this  experiment  fail. 

If  the  heat  of  the  vessel  in  which  the  combination  is 
to  take  place  be  too  high,  or  if  it  be  not  high  enough, 
the  result  will  be  failure.  And  so  in  practice ; every 
manufacturer  knows  how  careful  he  must  be  in  regula- 
ting the  amount  of  steam  he  throws  into  his  chamber, 
otherwise  he  finds  a great  amount  of  sulphurous  acid 
escaping  to  the  atmosphere,  a larger  amount  of  nitrous 
fumes  in  the  acid  from  his  Gay-Lussac  tower,  and  a 
smaller  yield  of  vitriol. 

It  is  into  the  laws  which  regulate  the  combination  of 
those  gases  that  I wish  to  inquire ; and  I have  tried  to 
do  so,  first,  by  individual  experiment,  and  then  by  a 
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careful  examination  of  the  lead  chamber  in  which  the 
action  takes  place. 

On  the  action  of  Sulphurous  Acid  Gas  upon 
Nitric  Acid  Gas. 

Although  we  are  indebted  to  the  labours  of  Cld- 
ment,  Desormes,  Davy,  De  la  Provostaye,  and  others, 
for  the  light  which  has  been  thrown  upon  the  theory 
of  this  action,  so  far  as  it  relates  to  sulphuric 
acid  manufacture,  yet  I trust  I may  be  excused  for 
bringing  forward  results  which  differ  in  some  degree 
from  those  of  the  above-mentioned  workers. 

It  is  generally  understood  at  the  present  day  that  no 
action  can  take  place  between  dry  sulphurous  acid  and 
nitric  acid  gases  when  brought  together  in  the  same 
vessel ; and  in  all  chemical  treatises  this  fact  is  dis- 
tinctly stated.  Thus,  Miller,  in  his  ‘ Elements  of 
Chemistry,’  speaking  of  the  theory  of  the  manufacture 
of  sulphuric  acid,  says  : “ Direct  combination,  however, 
cannot  be  produced  between  the  two  gases  (sulphurous 
acid  and  oxygen) ; the  intervention  of  a third  substance 
becomes  necessary,  and  if  water  be  presented  to  them  a 
very  gradual  p>rocess  of  oxidation  occurs .” 

Gmelin,  also,  in  his  ‘Handbook  of  Chemistry,’  ob- 
serves : “ A dry  mixture  of  two  measures  of  sulphurous 
acid  gas  and  one  measure  of  oxygen  remains  unaltered  ; 
but  if  water  be  present , a very  gradual  condensation  takes 
place,  and  sulphuric  acid  is  produced .”  The  results 
arrived  at  by  different  observers  may  be  summed  up  in 
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the  deduction  from  the  above  paragraphs,  namely : — 
That  no  action  can  take  place  between  these  two  gases 
without  the  intervention  of  water , either  in  the  liquid  or 
gaseous  state. 

It  was  with  the  intention  of  inquiring  more  closely 
into  this  that  the  following  experiments  were  made ; 
and  the  conclusion  I have  come  to,  and  which  I hope  to 
clearly  demonstrate,  is  the  very  reverse  of  that  gener- 
ally received  : that  action  does  take  place  between  the  dry 
gases  under  certain  conditions. 

As  I was  anxious  to  have  the  gases  in  as  similar  a 
condition  as  possible  to  those  in  the  lead,  chamber,  the 
sulphurous  acid  was  made  from  burning  sulphur:  the 
nitric  acid  being  prepared  from  nitrate  of  soda  by  the 
action  of  sulphuric  acid,  whilst  the  air  employed  was 
first  carefully  dried  by  passing  through  sulphuric  acid 
and  caustic  potash,  every  care  being  taken  to  prevent 
the  presence  of  even  the  smallest  amount  of  moisture. 

Experiment  I. — When  dry  sulphurous  acid  and  nitric 
acid  gases  are  brought  into  contact  in  a perfectly  dry 
glass  vessel,  which  is  then  hermetically  sealed,  there  is 
apparently  no  action  ; but  if  this  vessel,  after  being 
allowed  to  stand  for  ten  or  twelve  days,  be  then  opened, 
and  the  remaining  gases  expelled,  it  is  found  that  a 
decided,  though  small,  amount  of  sulphuric  acid  has 
been  formed  over  the  sides  of  the  glass  vessel,  and 
may  be  seen,  on  examination  with  the  microscope,  in 
the  condition  of  white  crvstals,  soluble  in  water,  and 
behaving  in  all  respects  as  sulphuric  acid.  There  are 
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many  things  which  will  prevent  this  formation,  and 
which  I intend  noticing  further  on,  such  as  tempera- 
ture, &c.  This  result  is  greatly  hastened,  however,  by 
the  addition  of  a single  drop  of  water  on  the  end  of  a 
fine  platinum  wire. 

The  conclusion  one  was  apt  to  arrive  at  was  that 
these  crystals  were  neither  more  nor  less  than  the 
ordinary  chamber  crystals;  but  I was  led  to  doubt  this 
from  various  circumstances.  In  the  first  place,  they 
seemed  to  differ  from  the  chamber  crystals  in  form , 
these  partaking  more  of  the  needle-shaped  form  of  the 
crystals  of  sulphuric  acid ; and  also,  when  exposed  to 
the  air,  they  remained  a long  time  (several  days,  in  fact) 
without  change.  This  shows  they  are  not  the  same  as 
the  chamber  crystals.  Again,  when  they  were  brought 
into  contact  with  water,  they  dissolved  without  the  evo- 
lution of  nitrous  fumes,  from  which  we  may  fairly  con- 
clude that  they  were  crystals  of  sulphuric  anhydride. 

I had  long  been  inclined  to  take  a different  view  of 
the  cause  of  this  action  from  that  generally  accepted. 
It  seemed  to  me  in  all  its  phases  to  resemble  the  action 
of  a small  piece  of  leaven  in  a loaf  of  unleavened 
bread,  or  the  action  of  a minute  crystal  dropped  into  a 
supersaturated  solution  of  a salt,  which  immediately 
causes  the  solidification  of  the  whole  liquid.  The 
action  only  requires  to  be  commenced,  and  it  then  con- 
tinues till  the  whole  of  the  attainable  oxygen  has  been 
made  use  of.  This  action,  if  quickened  at  all,  is  only 
slightly  so,  by  the  further  addition  of  steam. 
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Experiment  II. — If,  again,  instead  of  inserting  a drop 
of  water  into  the  vessel  in  which  the  gases  are  confined, 
it  be  surrounded  with  a coating  of  ice,  the  same  effect 
takes  place,  a much  longer  time,  however,  being  required. 

Experiment  III. — The  same  end  can  be  attained  by 
the  sudden  application  of  heat. 

These  results  then  led  me  to  judge  of  the  action  as  I 
have  said,  showing  that  the  sulphurous  acid  is  able  to 
deprive  the  nitric  acid  of  some  of  its  oxygen  without 
the  intervention  of  steam,  a medium  which  has  hitherto 
been  considered  necessary. 

It  has  been  shown  that  a very  small  amount  of  water 
can  cause  the  action  to  commence.  The  next  experi- 
ment tried  was  to  find  what  effect  water  present  in  a 
large  quantity  had  upon  the  formation  of  the  acid. 

Experiment  IV. — A mixture  of  t'wo  volumes  of  steam 
to  one  of  the  mixed  gases  was  put  into  a glass  vessel 
and  allowed  to  stand  twenty-four  hours  (the  gases  being 
mixed  in  requisite  proportion). 

Experiment  V. — The  same  amount  of  the  mixed  gases 
was  passed  into  a similar  vessel,  but  into  which  no  air 
was  allowed  to  enter,  to  see  if  any  action  could  take 
place  in  its  absence ; and  the  wTater  wTas  presented  to 
the  gases  in  a liquid  condition,  and  allowed  to  stand  the 
same  length  of  time.  At  the  end  of  the  time  the 
results  were — 


Acid  produced  calculated 
to  percentage. 

Experiment  IV.  ...  66  per  cent. 

Experiment  V.  93  „ 
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A certain  amount  of  nitric  acid  still  remaining  un- 
touched In  both  cases,  however,  the  result,  in  appear- 
ance, was  a complete  combination.  Still,  on  examination, 
a large  amount  of  nitric  acid  was  found  in  solution  in 
No.  1 (Experiment  IV.). 

Experiment  YI. — Equal  volumes  of  steam  and  mixed 
gases  were  then  tried,  and  the  result  on  examination 
gave— 


From  these  experiments,  then,  I considered  myself 
justified  in  adopting  the  theory  of  the  leavening  nature 
of  the  action  taking  place. 

It  is  also  evident  that  the  volume  of  steam  intro- 
duced should  be  less  than  the  combined  volumes  of  the 
two  gases.  But  let  us  take  another  case.  Suppose  the 
temperature  of  the  vessel  in  which  the  experiment  is  to 
take  place  be  raised  to  100°  C.,  or  kept  in  boiling 
water,  the  results  are  found  to  differ  in  every  case. 

Experiments  VII.,  V1IL,  IX. — Taking  the  same 
volumes  as  above,  but  at  the  increased  temperature,  I 
find  the  different  yields  of  acid  to  be  thus  : — 


Acid  produced  calculated 
to  percentage. 


Experiment  VI.  ...  74  per  cent. 


Experiment. 


VII. 

VIII. 

IX. 


Experiment 

above. 

IV. 

V. 

VI. 


Here  then  is  quite  another  phase  opened  up  to  us  : 
temperature  has  a great  deal  to  do  with  the  action 
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taking  place ; and  as  the  result  of  many  experiments,  I 
find  that  its  influence  may  be  embodied  in  the  general 
rule,  that  “ The  higher  the  temperature  the  more  steam 
required .” 

The  foregoing  results  thus  show  the  action  occurring 
where  nitric  acid  gas  is  brought  into  contact  with  sul- 
phurous acid  gas,  both  with  and  without  the  presence 
of  steam.  The  next  question  to  be  solved  is — In  what 
part  of  the  vessel  does  most  action  take  place  ? 

Most  persons  who  have  attended  chemical  lectures 
are  familiar  with  the  method  employed  to  illustrate  the 
formation  of  sulphuric  acid.  The  mixture  of  sulphurous 
aud  nitric  acids  is  brought  together  in  a large  globe, 
and  steam  is  then  introduced.  Ruddy  fumes  are  first 
formed  ; then  a crystalline  deposit  takes  place,  and 
soon  the  atmosphere  in  the  globe  becomes  colourless. 
But  on  close  examination  another  peculiarity  is  seen  in 
the  vessel ; and  that  is,  that  near  to  the  deposit,  and 
long  after  the  ruddiness  has  disappeared,  a very  small 
narrow  band  of  red  fumes  is  noticed  wherever  the 
crystallization  has  taken  place.  This,  then,  led  to  the 
question  being  asked — Does  not  a greater  formation  of 
acid  take  place  when  some  acid  previously  formed  is 
present  ? And  this  question  was  attempted  to  be 
answered  by  the  following  experiment : — 

Experiment  X. — A layer  of  sulphuric  acid  from  which 
all  moisture  had  been  expelled  by  long  boiling,  and 
which  had  been  previously  carefully  weighed,  was  laid 
in  the  bottom  of  the  vessel,  and  the  gases  allowed  t.o 
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enter,  steam  being  excluded.  The  gas  at  the  upper 
part  of  the  vessel  became  almost  immediately  nearly 
colourless ; but  a strong  and  long-continued  action 
seemed  to  be  taking  place  at  the  bottom,  near  the 
surface  of  the  sulphuric  acid,  no  apparent  action  being 
noticed  towards  the  top.  On  examination  no  sulphurous 
acid  was  found,  whilst  the  weight  of  acid  originally 
present  had  increased.  (In  this  experiment,  as  in  the 
former,  the  vessel  was  allowed  to  stand  twenty-four 
hours.)  This  seemed  to  answer  the  question,  especially 
as  upon  many  repetitions  the  same  results  were  obtained. 

I felt  these  perfectly  satisfactory  as  laboratory 
experiments.  Some  had  now  to  be  attempted  on  a 
large  scale ; and  through  the  kindness  of  an  acid 
manufacturer,  I was  enabled  to  make  the  desired 
trials ; but  as  in  every  case  I sustained  signal  defeat, 
being  neither  able  to  cool  the  chamber  sufficiently  nor 
raise  it  to  the  required  temperature,  I found  I must, 
after  many  disappointments,  rest  satisfied  (as  many 
have  found  themselves  obliged  to  do)  with  a knowledge 
of  the  fact  that  what  appears  perfect  in  the  laboratory 
will  not  bear  the  crucial  test  of  manufacture. 

I still  felt  I had  proved  the  drawback  to  this  to  be 
want  of  control  over  the  unwieldiness  of  the  chamber. 
But  one  fact  came  out  very  strongly — that  if  I wished 
a good  yield  of  acid,  the  increase  of  steam  must  be  in 
proportion  to  the  increase  of  temperature. 

I shall  now  proceed  from  laboratory  to  manufacturing 
details. 
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On  the  Distribution  of  Gases  in  the  Lead 
Chamber. 

In  the  preceding  chapter  the  observation  is  made, 
when  speaking  of  the  laboratory  method  of  showing 
the  theory  of  sulphuric  acid  manufacture,  “ that  near 
to  the  deposit,  and  long  after  the  ruddiness  has  appa- 
rently disappeared,  a very  small  narrow  band  of  red 
fumes  is  noticed  wherever  the  crystallization  has  taken 
place.”  This  then,  when  taken  into  consideration 
along  with  Experiment  X.  in  same  chapter,  tended  to 
lead  me  to  the  belief  that  the  greatest  amount  of  con- 
densation takes  place  at  the  bottom  of  the  chamber, 
near  the  surface  of  any  sulphuric  acid  which  has  been 
already  formed,  and  that  the  upper  portion  of  the 
chamber  is  of  use  principally  as  a reservoir  for  the 
gases ; so  that  if,  instead  of  having  a long  high  cham- 
ber, one  that  was  long  but  was  of  low  height  were  to  be 
employed,  the  same  purpose  would  be  answered  to  a 
greater  degree,  and  the  expense  of  chamber-buildin 
greatly  reduced.  It  was  with  the  intention  of  provin 


be  be 
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or  disproving  the  truth  of  this  theory  that  the  follow- 
ing investigation  was  undertaken.  The  size  of  cham- 
ber in  which  the  experiments  were  conducted  was 
about  140  feet  in  length  by  30  high  and  25  wide. 
The  gases  were  introduced  at  the  end  of  the  chamber 
through  an  iron  pipe  12  feet  long  by  3^  in  diameter — 
the  chamber  draught  very  moderate — steam  injected 
at  three  points  in  the  side  and  along  with  the  gases 
at  the  end.  In  order  to  have  a definite  plan  of  pro- 
ceeding I took  specimens  of  chamber  air  at  every  10 
feet  along  its  length,  15  feet  from  the  bottom,  and  also 
specimens  at  the  same  distances  at  3 feet  from  the 
bottom,  thus  having 

14' analyses,  chamber  air,  at  15  feet, 
and.  14  „ ,,  ,,  o ,, 

the  first  being  in  reality  a bisection  of  the  chamber 
along  its  length. 

The  gases  of  which  the  percentages  were  obtained 
were  Sulphurous,  Sulphuric,  and  Nitric  acids. 

Before  giving  my  own  results,  I should  be  glad  if  I 
could  quote  those  of  any  other  observer;  but  1 am 
unaware  of  any  work  having  been  done  on  this  subject ; 
so  that  the  following  observations  may  be  interesting 
from  their  newness. 

Sulphurous  Acid. 

Taking,  then,  in  the  first  place,  sulphurous  acid,  I 
will  show  first  its  distribution  in  the  chamber,  then 
take  the  two  others  in  the  order  given  above. 
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As  is  naturally  expected,  the  largest  amount  of  sul- 
phurous acid  is  present  at  the  entrance  to  the  chamber ; 
but  dispersion  takes  place  very  rapidly  indeed,  so  that 
each  10  feet  makes  a decided  change  in  the  percentage 
of  acid  present. 

The  amount  of  sulphurous  acid  present  at  a distance 
of  10  feet  from  end  of  chamber  is  72  per  cent.,  con- 
tinuing the  same  till  about  20  feet  from  entrance. 
There  is  then  a rapid  fall  to  46  per  cent,  at  30  feet, 
falling  rapidly  still,  till  at  40  feet  from  end  the 
amount  only  equals  31  to  33  per  cent.  After  this  the 
variations  are  not  so  remarkable ; the  amount  of  sul- 
phurous acid,  however,  becomes  gradually  less  and  less 
till  its  lowest  point  is  reached  at  120  feet  from  entrance, 
where  13  per  cent,  is  the  amount  present.  These 
analyses  were  made  at  15  feet  from  bottom  of  chamber. 
On  those  made  at  3 feet  from  bottom  the  variations 
are  not  so  sudden.  At  10  feet  from  entrance  the 
amount  present  is  3 per  cent. ; this  rises  rapidly  till  at 
40  feet  from  end  it  attains  its  maximum,  and  29  per 
cent,  of  acid.  It  is  now  at  its  highest  point ; and  from 
this  it  descends  very  gradually  till  at  130  feet  it  falls 
to  8 per  cent.,  and  near  its  exit  rises  to  16  per  cent. 

The  following  diagrams  will  show  the  variations 
more  plainly. 


r> 
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DIAGRAM  I.  (a). 
(See  opposite  page. ) 


DIAGRAM  I.  ( h ). 
Sulphurous  Acid. 


length 
Chamber 
in  feet 


?! 


15  ft.  In  height. 
(Exit.) 


3 ft.  in  height. 
(Exit.) 


No.  1 represents  the  percentage  of  acid  at  3 feet  from  bottom  of  chamber. 


No.  2 


15 


The  figures  in  the  divisions  of  the  above  diagram 
represent  the  percentages  of  sulphurous  acid  corre- 
sponding to  Diagram  I.  (a),  or  the  numerical  varia- 
tions will  be  seen  more  plainly  in  the  following 
proportional  tables : 


No.  I. — At  15  feet  height.  No.  II. — At  3 feet  height. 


Feet  from  end 

Proportional 

Feet  from  end 

Proportional 

of  Chamber. 

number. 

of  Chamber. 

number. 

120  .. 

..  1 

10  .. 

. 1 

130  7 
140  ) " 

..  1-4 

20) 

13u ) •• 

. 2-6 

80? 

T • 1 

120  .. 

. 4-3 

100)  •• 

. . 11 

110  .. 

. 4-6 

110  .. 

..  1-8 

30? 

50  .. 

..  1-9 

140)  " 

. 0 o 

60  . . 
70? 

2 

9 • 9 

90? 

100)  *• 

. 5-6 

90  ) •• 

• . 4 O 

60  .. 

. 6 

40  .. 

..  2-5 

70  .. 

. 6-3 

30  . . 

..  3’5 

80  .. 

. 6-6 

20? 
io 5 •• 

..  5’5 

50  .. 

40  .. 

. 9-3 

. 9-6 

In  looking  over  Diagram  I.  (a),  it  may  be  noticed  that 


Acid  Diagram  N?  I . (a). 

length,  of  Chamber  iro  Feet/. 

10  20  30  40  SO  60  10  80  90  ICO  VO  120  ISO  VW 


10  W JO  40  SO  60  70  SO  90  100  VO  120  130  140 


Length/  of  Chamber  in,  Feet/ 

The  blade  bne,  repr  esent)  the/amount/  ofAddyrarcrct  at  lS  tree,  frembettem,  of  chamber 
The,  dotted.  - . ..  . - . <J  „ ..  » - 
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there  are  three  distinct  falls  in  the  percentage  of  acid, 
and  after  each  there  is  again  a slight  rise.  It  may  be 
interesting  to  remark,  that  almost  exactly  at  those 
parts  were  the  points  at  which  steam  was  thrown  into 
the  chamber.  The  falls  are  at  20  feet,  70  feet,  and 
110  feet  respectively,  steam  being  injected  at  20  feet, 
65  feet,  and  110  feet. 

The  tremendous  fall  occurring  from  20  feet  to  40  feet 
may  be  accounted  for  by  the  great  amount  of  steam 
entering  the  chamber  at  this  point,  as  not  only  was 
it  entering  at  20  feet,  but  also,  along  with  the  gases, 
at  a little  below  the  large  iron  pipe  at  the  end  of  the 
chamber ; so  that  the  steam  absorbs  a large  amount  of 
the  hot  sulphurous  acid. 

In  the  analyses  at  3 feet  these  falls  are  not  so  notice- 
able, are  indeed  not  so  great,  the  acid  here  being  out 
of  the  immediate  action  of  the  steam.  In  these  ex- 
periments the  temperature  of  the  chamber  was  kept  as 
low  as  possible,  and  the  amount  of  steam  allowed  to 
enter  the  chamber  was,  as  far  as  could  be  determined, 
almost  one  quarter  of  the  mixed  gases.  This,  then, 
tends  so  far  to  show  what  I previously  imagined,  that 
the  upper  portion  of  the  chamber  was  of  use  prin- 
cipally as  a reservoir  for  the  sulphurous  acid,  allowing 
it  to  descend  as  it  was  required  to  the  lower,  or  work- 
ing portion.  This  was  also  tried  in  another  way. 

The  ordinary  funnel-shaped  collector  usually  placed 
in  the  chamber,  and  which  communicates  with  a small 
leaden  jar  on  the  outside,  by  which  a manufacturer 


38  The  Chemistry  of  Sulphuric  Acid  Manufacture. 


gets  an  idea  of  the  strength  and  make  of  his  acid,  was 
brought  into  use.  Instead  of  being,  as  usual,  placed 
about  8 feet  from  the  bottom  of  the  chamber,  it  was  in 
this  case  placed  about  1G  feet  high,  and  the  amount  of 
sulphuric  acid  formed  was  carefully  observed. 

In  this  case,  after  standing  nine  days,  only  -flg-  of  an 
inch  of  acid  had  formed,  whilst  at  the  height  of  4 feet 
the  make  of  acid  was  regular  and  fairly  large. 

In  the  former  case  (at  1 6 feet)  sulphurous  acid  was 
continually  escaping,  whilst  the  amount  in  the  latter 
was  merely  trilling.  This,  then,  was  a very  fair  proof 
of  the  truth  of  my  theory. 

Sulphuric  Acid. 

Passing  from  the  sulphurous  to  the  sulphuric  acid,  I 
find  the  diagram  of  percentage  in  the  latter  a very 
strange  one.  At  10  feet  from  the  point  of  entrance, 
where  0 is  the  percentage  of  acid  to  140  feet,  the  varia- 
tion at  15  feet  in  height  is  very  trifling.  The  highest 
amount  is  reached  at  50  feet,  showing  there  only  23  per 
cent.  But  at  3 feet  in  height  the  analyses  present  a 
more  extraordinary  difference  than  that  of  Diagram  I. 

Beginning  again  at  10  feet  from  entrance,  I And  the 
amount  of  acid  to  be  equal  to  81  per  cent. ; then  a 
sudden  rise  brings  it  to  89  per  cent. ; this  being  the 
maximum : then  comes  a most  rapid  and  continuous 
fall,  till  at  100  feet  the  amount  is  30  per  cent.,  and 
remains  nearly  at  this  to  the  end  of  the  chamber. 

The  following  diagrams  will  show  the  variations; 


Acid  Diagram  N?  II.  (a). 

Length*  of  Chamber  tn * Feet*. 


10  20  30  40  50  60  00  «C  30  WO  710  120  130  140 


Tile  blade  line  i^prtaarlrtlwamowtbcfdad,  at*  15  feet*  from*  bottom*  of  Chamber. 
The*  dotted*  . „ • « •..»  3 * . /,  * * 


Percentage*  of  Sulphuric  Acid* 
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DIAGRAM  II.  ( b ). 


Sulphuric  Acid,  j 

Length  of  ) ( Length  of 

Chamber  > 10  f20  '30  40  50  60  70  80  90  100  110  120  130  140  4 Chamber 

in  feet. 


( in  feet.  ) 
No.  2. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ft.  in  height,  15. 
(Entrance.) 

No.  1. 

0% 

0% 

6% 

18% 

23% 

20% 

18% 

16% 

19% 

12% 

12% 

7% 

7% 

10% 

ft.  in  height,  3. 

81% 

1 

89% 

1 

76% 

1 

70% 

1 

68%  67% 

60% 

1 

56% 

48% 

30% 

38% 

30% 

36% 

33% 

(Entrance.) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

15  ft.  in  height. 
(Exit.) 


3 ft.  in  height. 
(Exit.) 


10  20  30  40  50  60  70  80  90  100  110  120  130  140 

Length  of  Chamber  in  feet. 

No.  1 represents  the  percentage  of  acid  at  3 feet  from  bottom  of  chamber. 
No.  2 „ „ 15 


The  figures  in  the  divisions  of  the  above  diagram 
represent  the  percentages  of  sulphuric  acid,  corre- 
sponding to  the  lines  in  Diagram  II.  (a). 

On  comparing  this  with  Diagram  I.  (a),  the  similarity 
is  very  striking.  It  is  only  required  to  place  the  black 
line  in  Diagram  I.  (a)  on  the  red  line  in  Diagram  II.  (a), 
and  vice  versa.  In  No.  I.  the  greatest  amount  of  sul- 
phurous acid  is  at  the  top  of  the  chamber,  and  the 
smallest  at  the  bottom.  In  No.  II.  the  largest  amount 
of  sulphuric  acid  is  at  the  bottom  of  the  chamber, 
whilst  the  smallest  amount  is  at  the  top. 
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Proportional  Tables  for  Diagrams  II.  (a  and  b). 


No.  I. -At  15 

feet  height. 

No.  II. — At  3 feet  height. 

Feet  from  end 

Proportional 

Feet  lrom  end 

Proportional 

of  Chamber. 

Number. 

of  Chamber. 

N umber. 

30  .. 

..  1 

100? 

120? 

..  1-2 

120 1 " 

. . 1 

130  i " 

140  .. 

..  11 

140  .. 

..  1-7 

110? 

1 • o 

100? 

o 

130  ( " 

. . 1 L 

not  •• 

. . _ 

90  .. 

..  1-6 

80  .. 

..  2-7 

80  .. 

..  1-8 

40? 

Q 

70  .. 

..  2 

?o i •• 

90  .. 

. . o 

..  3-2 

GO? 

50  C ” 

..  2-2 

GO  .. 

..  3'3 

40  .. 

..  2-3 

50  .. 

..  3-7 

30  .. 

..  2-5 

1°? 

..  0 

10  .. 

..  2-7 

20  i - 

20  .. 

..  2-9 

Nitric  Acid. 

The  variations  in  the  percentage  of  nitric  acid  are 
not  very  great,  being  only  between  3 per  cent,  and 
26  per  cent.,  these  being  the  maximum  and  minimum 
amounts.  It  attains  its  greatest  height  at  100  and 
110  feet  from  end  of  chamber,  and  then  sinks  very 
rapidly  down  to  3 per  cent,  at  140  feet. 

In  the  following  diagrams  the  figures  and  lines  are 
similar  to  those  in  the  preceding. 


/Percentage/  of  Nitric/  Acid / 
present  in/  CJuun  bcr 


Acid  Diagram  n°  hi  (a). 

Length  of  Chamber  in/ -Feet. 

10  20  30  40  SO  €0  7 0 80  SO  ICO  VO  120  130  140 


Length/  of  Chamber  i to  Feet 


Thf'  bfaek  {/m>  repmrmte  the  amount  of  Add/  at  ISfeet  from/  Votlznn/  of  Chamber 
The  dotted/  . „ „ ..  »»»■?-. 
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DIAGRAM  III.  ( b ). 
Nitric  Acid. 


Length  of  Chamber  in  feet. 


No.  1 represents  the  percentage  of  acid  at  3 feet  from  bottom  of  chamber. 
No.  2 „ „ 15 

The  figures  in  the  divisions  of  the  above  diagram 
represent  the  percentages  of  nitric  acid,  corresponding 
to  the  lines  in  Diagram  III.  (a). 

I also  give  the  following  proportional  tables  for 


Diagrams  III.  ( a and  b)  : 

No.  I. — At  15  feet  height. 

No.  II. — At  3 feet  height. 

Feet  from  end 

Proportional 

Feet  from  end 

Proportional 

of  Chamber. 

number. 

of  Chamber. 

number. 

120  .. 

..  1 

20? 

1 

130  ? 

o 

140  \ " 

. . 1 

iio$  •• 

40? 

60  ? 

..  2-3 

50  C •• 

. . 1 o 

no C •• 

30  .. 

..  2 

50  .. 

30? 

io$  •• 

..  2-7 

..  4-3 

iO? 
70$  " 
GO? 

..  2-7 

A 

70? 

80  S " 

..  4-7 

130$  •• 
120  .. 

. . 

..  5 

90  .. 

..  5-3 

80  .. 

..  5-7 

20  .. 

..  6 

90  .. 

..  6'5 

100  .. 

..  6-7 

100) 

..  8-7 

10  .. 

..  8-3 

110)  " 
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We  have  now  gained  some  results  which,  will  enable 
us  to  come  to  some  conclusion  regarding  the  most 
useful  form  of  chamber. 

We  have  seen  that  the  chamber  must  be  divided 
into  two  parts — the  working  portion,  and  the  reservoir 
(so  to  speak)  for  the  gases.  If,  then,  instead  of  em- 
ploying this  reservoir,  we  lowered  the  height  of  the 
chamber  and  extended  its  length,  we  should  have  a 
greater  condensing  surface,  as  we  have  seen  that  the 
greater  amount  of  acid  condenses  near  the  surface  of 
already-formed  sulphuric  acid.  We  should  also  have  a 
form  of  chamber  better  adapted  for  getting  a good 
draught.  It  would  not  be  at  all  difficult  for  manu- 
facturers to  have  a table  drawn  up  for  the  chamber- 
manager,  showing  him  the  amounts  of  steam  necessary 
to  be  thrown  into  the  chamber,  according  to  the  in- 
crease or  diminution  of  temperature ; they  would  thus 
have  a great  saving  both  in  the  amount  of  gas  escaping 
useless  to  the  chimney,  and  also  a greater  amount  of 
acid  manufactured.  I shall  now  proceed  to  show  the 
temperature  at  which  the  greatest  amount  of  action 
takes  place  between  the  gases  in  the  chamber,  but 
would  merely  mention  that  it  is  of  the  greatest  con- 
sequence to  the  manufacturer  to  take  particular  notice 
of  the  temperatures  of  his  chamber,  as  upon  the  suc- 
cessful management  of  this  depends,  in  a very  great 
degree,  the  yield  of  acid,  and  also  that  trouble  to  all 
manufacturers,  the  flowering  of  the  sulphur  in  the 
acid.  This  question  is  entered  into  more  particularly 
on  page  71. 


( 47  ) 


On  the  Temperature  at  which  Nitric  Acid  acts 
upon  Sulphurous  Acid. 

In  the  previous  part  of  this  book  I gave  one  or  two 
laboratory  experiments  showing  some  of  the  conditions 
under  which  these  gases  act  upon  each  other.  I now 
wish  to  show  the  temperature  at  which  this  action  takes 
place.  These  experiments  were  made  in  a similar  man- 
ner to  the  former.  I took  the  glass  globe  formerly  used, 
and  into  this  the  mixed  gases  were  led  with  the  addition 
of  a little  water ; it  was  then  placed  in  another  vessel 
containing  cold  water,  arranged  so  that  it  could  be  raised 
to  any  required  temperature,  or  boiled  if  necessary.  A 
thermometer  communicated  with  the  interior,  its  bulb 
being  nearly  in  contact  with  the  water  at  the  bottom 
of  the  globe.  The  temperature  also  of  the  exterior 
water  was  accurately  observed.  At  the  commencement 
of  the  experiment  the  temperatures  were  : 

Experiment  I. 

Fahrenheit. 

Interior  of  globe 36°  *7 

Exterior  water  40° '3 
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The  interior  being  thus  a little  cooler  than  the  exte- 
rior. The  water  was  now  cautiously  and  slowly  heated, 
the  temperature  being  observed  from  time  to  time,  whilst 
the  first  formation  of  acid  in  the  vessel  was  carefully 
noted,  the  results  being : 

Experiment  II. 

Outside  water.  Jnside  globe.  Remarks. 

(Fahrenheit.)  (Fahrenheit.) 

40°  • 3 ..  36° '7  ..  No  action,  ruddy  fumes. 

G2°*4  ..  39°  .. 

127°*G  ..  1220,8  ..  Ruddy  fumes  begin  to  dis- 

appear. 

154° -3  ..  200°  2 ..  Remarkably  quick  and 

energetic  action. 

The  globe  was  now  withdrawn  from  the  hot  water  in 
which  it  was,  and  again  plunged  in  cold ; the  tempera- 
ture soon  fell  to  810,5  Fahr.,  but  no  change  took  place 
in  the  action,  that  continuing  as  active  as  ever.  After 
it  had  been  left  in  the  water  some  time  it  was  seen  that 
the  great  fall  in  temperature  was  only  temporary ; it 
soon  began  to  rise. 


Minutes. 

Commencemeut 
2 .. 
4 .. 

6 


Experiment  III. 


Minutes.  Outside  water.  Inside  globe. 

(Fahrenheit.)  (Fahrenheit.) 

Commencement  45° 'G SI0, 5 

2 45°-6 92°-3 

G 45°-9 96°  • 6 


At  which  temperature  it  remained  till  the  end  of  the 
experiment.  I find,  then,  from  this  experiment  that 
at  200°  Fahr.  action  commences ; that  at  that  tempera- 
ture the  sulphurous  begins  to  act  upon  the  nitric  acid  ; 
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whilst  the  second  experiment  shows  that  the  heat  de- 
veloped by  the  action  itself  is  pretty  considerable. 

The  globe  was  now  left  for  twenty-four  hours  in  tbe 
cold  water  (see  Experiment  II.),  and  after  that  time 
had  elapsed  the  contents  were  submitted  to  analysis.  I 
here  give  the  results  of  three  analyses  : 


Per  cent. 

Sulphurous  acid  ..  ..  6 21 

Nitric  acid  — 

Sulphuric  acid  ..  ..  93-91 


100-12 


The  temperatures  at  time  of  this  analysis  being : 

Fahrenheit. 

Inside  globe  46°  • 9 

Outside  Mater 47°  3 

In  the  above  experiments  it  is  seen  that  the  tempera- 
ture never  rose  to  the  point  of  boiling-water,  but  that 
degree  was  very  nearly  approached. 


E 
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On  the  Distribution  of  Heat  in  the  Lead 

Chamber. 

1 have  shown  in  the  preceding  pages  that  200°  Fahr. 
is  the  temperature  at  which  nitric  acid  begins  to  act 
upon  sulphurous  acid.  I now  wish  to  show  the  tem- 
perature of  the  lead  chamber  in  which  the  preceding 
action  takes  place  on  a large  scale,  and  then  to  see  if  I 
can  draw  some  conclusion  as  to  the  best  temperature  at 
which  to  keep  the  sulphuric  acid  chamber. 

In  order  to  obtain  a good  idea  of  the  temperature,  I 
took  daily  observations  at  different  points  in  the  chamber 
during  a year,  and  have  condensed  the  results  obtained 
into  the  form  of  diagrams. 

Ordinary  maximum  and  minimum  thermometers  were 
employed,  but  instead  of  being  fixed  as  usual  upon  a 
wooden  back,  a glass  back  was  employed  upon  which 
the  degrees  were  etched,  and  the  thermometers  fixed 
thereto  by  thick  platinum  wire,  thus  having  instruments 
capable  of  resisting  the  acid  with  which  they  would 
come  in  contact.  The  thermometers  wrere  lowered  into 


Heat  Diagram  N?  I . 

Length-  of  Chamber  in.  FeeV. 


10  20  30  40  SO  €0  70  SO  90  100  VO  120  130  140 


Length,  of  Chamber  in/  Feet, 
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the  chamber  at  the  different  points  by  long  “threads” 
of  lead,  and  allowed  to  remain  for  about  two  hours,  the 
yield  of  vitriol  and  general  appearance  of  the  acid  being 
carefully  noted  each  day.  The  results  obtained  by  this 
investigation  have  been  completely  borne  out  by  those 
already  shown  on  pages  47,  &c.,  which,  although  I con- 
sidered their  proper  place  in  the  book  to  be  before  the 
present  subject,  nevertheless  came  later  in  the  course  of 
investigation. 

As  in  a former  case,  I divided  the  chamber  into  sepa- 
rate parts,  so  that  I could  have  some  definite  plan  of 
procedure.  In  this  case  the  chamber  was  divided  along 
its  length  at  four  heights,  thus  : 

1st  at  the  height  of  24  feet  from  bottom  of  chamber. 

2ml  ,,  15  „ „ „ 

3rd  ,,  8 „ ,,  „ 

4th  ,,  3 ,,  ,,  ,, 

the  temperature  being  taken  every  ten  feet  along  the 
length  at  these  heights. 


DIAGRAM  I. 

HEAT  OP  CHAMBER  AT  24  PEET  FROM  BOTTOM 

(See  opposite  page.) 

In  looking  at  Diagram  I.  the  first  thing  that  strikes  us 
is  the  very  sudden  fall  in  temperature  which  takes  place 
in  passing  from  10  feet  from  entrance  of  chamber  to 
20  feet,  there  being  a fall  here  of  87°  Fahr.  After  this 
the  temperature  is  comparatively  constant  till  it  reaches 
110  feet  from  entrance,  when  it  again  falls  continuously 
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till  it  reaches  113°  Fahr.,  at  which  temperature  the  gas 
passes  from  the  chamber. 

This  is  that  portion  of  the  chamber  which  I have 
previously  called  the  “ reservoir,”  and  in  which  very 
little,  if  any,  action  between  the  gases  takes  place;  and 
it  is  worthy  of  notice  that,  with  the  exception  of  the 
first  ten  feet,  at  no  place  in  this  portion  does  the  tem- 
perature rise  above  130°  Fahr.  And  if  we  turn  to  the 
preceding  pages  it  will  be  found  that  in  Experiment  II. 
the  nearest  approach  to  this  temperature  is  122°-8 
Fahr.  ; and  here  the  remark  is  made,  “ ruddy  fumes 
begin  to  disappear.”  Here  then  is  another  proof,  if 
another  proof  were  required,  that  the  upper  part  of  the 
lead  chamber  is  not  of  use  as  a condensing  “ space,”  but 
merely  as  a reservoir  for  containing  the  gases,  and,  if 
necessary,  assisting  proper  mixture. 

In  this  diagram  we  may  see  also  the  points  in  the 
chamber  at  which  steam  is  thrown  in.  At  40  feet,  and 
at  70  and  110  feet  respectively,  we  have  decided  falls 
of  temperature,  these  being  very  nearly  the  positions 
of  the  steam-pipes. 

The  high  temperature  at  the  beginning  may  be 
accounted  for  by  the  fact  that  shortly  below  this  the 
pipe  by  which  the  gases  are  conducted  to  the  chamber 
is  inserted. 

DIAGRAM  II. 

(See  opposite  page.) 

Little  is  to  be  said  respecting  this  diagram  which  has 
not  been  said  in  the  former.  In  this  also  is  noticeable 


Heat  Diagram  N?  II. 

Length,  of  Chamber  in,  Feet, 


10  20  30  40  so  60  70  SO  90  ICO  VO  120  130  T-W 


Length-  of  Chamber  irvFeet/ 


Heat  Diagram  n?  Ill . 
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the  great  fall  in  temperature  which  takes  place  from 
10  to  20  feet  from  entrance  to  chamber ; in  this  case  the 
fall  is  even  greater  than  before,  changing  here  from 
227°  to  126°  Fahr. — a difference  of  101°  Fahr. 

This  is  accounted  for  by  the  fact  that  the  entrance 
pipe  is  much  nearer  this  point  than  the  former,  being 
in  fact  just  above  the  spot  where  the  temperature  was 
observed.  The  regularity  of  the  heat  after  this  sudden 
fall  is  also,  as  in  the  former  case,  very  remarkable,  the 
variation  being  between  126°  and  133°  Fahr.  till  we 
reach  120  feet  from  entrance  to  chamber,  where  the 
temperature  falls  to  110°  Fahr.,  the  average  tem- 
perature, however,  being  about  126°  to  1283  Fahr.;  in 
this  case  also  bearing  out  the  fact  (by  reference  to 
Experiment  II.,  p.  54)  that  the  upper  part  of  the 
chamber  is  unnecessary. 

DIAGRAM  III. 

(See  opposite  page.) 

In  Diagram  III,  I find  a higher  range  of  temperature, 
varying  for  the  most  part  between  150°  and  160° Fahr.; 
whilst  at  entrance  and  exit  the  temperature  is  compara- 
tively low,  rising  towards  the  centre  of  the  chamber. 

Here  now  we  approach  very  nearly  the  required 
temperature,  200°  Fahr.  being  the  observed  degree 
at  which  nitric  acid  acted  on  sulphurous  acid ; this 
portion  of  the  chamber  is  really  the  “working”  por- 
tion. It  is  necessary  also  to  observe  along  with  this 
diagram  the  next. 
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DIAGRAM  IV. 

(See  opposite  page.) 

I have  already  shown  experimentally  by  analyses  of 
the  gases  at  3 feet  from  bottom  of  chamber,  that  the 
greatest  amount  of  action  went  on  at  that  portion  ; 
and  I have  also  shown  (page  48)  that  the  temperature 
at  which  nitric  acid  began  to  act  on  sulphurous  acid 
was  200°  Fahr.,  so  that  now  by  observing  these  two 
diagrams  we  shall  see  how  closely  the  laboratory  and 
the  manufacturing  results  agree.  1 have  already  spoken 
of  this  in  Diagram  III.,  but  it  is  much  more  distinctly 
observed  in  Diagram  IV.  Beginning  at  112°  Fahr. 
the  temperature  rises  suddenly  till  at  20  feet  from  en- 
trance it  attains  195°  Fahr.,  whilst  the  temperature  is 
for  the  most  part  from  195 0 to  199°  Fahr.  After  90  feet 
from  entrance  of  chamber  it  falls  at  an  almost  regular 

c 

amount  of  20  degrees  for  each  1 0 feet  of  chamber  length 
until  at  140  feet  from  entrance  of  chamber  the  tempera- 
ture is  120°  Fahr. 

Here  then  we  have  the  example  of  almost  perfectly 
suitable  temperature.  At  this  time  also  the  yield  of 
vitriol  obtained  from  this  chamber  was  as  nearly  the 
theoretical  amount  as  could  practically  be  obtained  ; 
and  it  was  fouud  that  whenever  the  temperature  of  the 
chamber  was  allowed  to  increase  or  diminish  the  result 
was  bad. 

At  this  time  the  amount  of  nitric  acid  escaping  was 
almost  nil,  whilst  the  colour  of  the  liquid  coming  from 


Heat  Diagram  n?  IV 
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the  Gay-Lussac  tower  showed  that  the  gas  escaping 
was  NO2,  with  a scarcely  appreciable  amount  of  nitric 
acid.  (I  may  here  say  that  whenever  the  colour  of 
this  liquor  is  of  a dark  red  colour  it  is  a sign  of  the 
escape  either  of  nitric  acid  or  some  of  the  higher  oxides 
of  nitrogen.) 

The  conclusions  I draw  from  these  and  the  preceding 
investigations  may  be  summed  up  thus : — 

1.  The  best  form  of  chamber  to  be  employed  is  one 
which  is  long  and  not  high ; the  analyses  point  to  one 
of  somewhat  the  following  dimensions — 

Length,  150  feet. 

Width,  25  or  30  feet. 

Height,  10  or  12  feet. 

There  is  thus  a large  condensing  “surface,”  the  mixed 
gases  coming  readily  in  contact  with  all  parts  of  the 
chamber,  whilst  they  are  also  in  contact  with  the  pre- 
viously condensed  acid  which  rests  on  the  sides  of  the 
chamber. 

2.  The  temperature  of  the  chamber  should  be  kept 
as  nearly  as  possible  about  200°  Fahr. ; this  fact  also 
acting  as  a regulator  for  the  amount  of  steam  thrown 
into  the  chamber. 

3.  That  in  “starting”  a chamber  sulphuric  acid 
should  be  run  on  the  bottom  in  preference  to  water,  as 
at  present  generally  employed. 
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An  Inquiry  into  the  Best  Form  of  Leaden 

Chamber. 

The  introduction  of  the  leaden  chamber  into  the 
manufacture  of  sulphuric  acid  must  be  ascribed  to 
Dr.  Roebuck,  of  Birmingham  ; and  the  principle  of  the 
method  employed  by  him  continues  as  the  principle  of 
that  in  use  at  the  present  day. 

A mixture  of  sulphur  and  nitre  mixed  in  certain 
proportions  was  ignited  and  shut  into  an  air-tight  lead 
chamber,  the  size  of  which  varied  from  6 to  10  feet  in 
diameter ; after  a certain  time  had  elapsed — supposed 
to  have  been  sufficient  to  have  condensed  all  the  acid 
formed  by  the  burning  sulphur  — the  chamber  was 
opened,  the  stand  and  vessel  in  which  the  mixed  sub- 
stances were  placed  was  withdrawn,  refilled  with  the 
mixture,  and  again  inserted  into  the  chamber,  the  door 
of  which  was  then  luted  on  air-tight,  as  before.  This, 
then,  was  the  rough-and-ready  manner  in  which  sul- 
phuric acid  was  manufactured  in  this  country  in  the 
days  of  the  first  lead  chambers.  This  was  the  small 
cloud  rising  in  the  horizon  which  we,  in  our  day,  look 
back  upon  with  a mixture  of  amusement  and  wonder. 
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Once  a beginning  was  made,  it  was  easy  enough  to 
proceed,  and  the  first  step  had  been  taken. 

The  obvious  disadvantage  in  this  plan  was  the  dis- 
continuity of  the  process.  Each  time  the  chamber 
was  opened  the  residual  gases — those  which  had  not 
undergone  condensation — escaped,  whilst  the  chamber 
was  lying  idle  till  a fresh  charge  was  introduced.  This 
difficulty  was  overcome  by  the  substituting  for  the 
small  vessels  which  were  being  continually  inserted 
and  withdrawn,  larger  boilers  in  which  the  sulphur  was 
burned,  thus  sending  a continuous  stream  of  sulphurous 
acid  into  the  chamber ; then  came  the  introduction 
of  steam  by  Kestner ; and  by  slow  degrees  the  great 
manufacture  which  at  the  present  day  contributes  so 
much  to  the  great  wealth  of  England,  sprung  up. 

This  chamber,  then,  is  the  point  upon  which  the 
attention  is,  naturally,  most  concentrated.  In  this  all 
the  actions  take  place,  and  the  nature  of  the  work  it 
performs,  and  the  manner  in  which  it  performs  it,  are 
very  imperfectly  understood. 

In  the  preceding  pages  I have  shown,  although  im- 
perfectly, the  conditions  under  which  this  chamber  does 
its  best  work  ; and  I now  intend,  in  a very  brief  manner, 
to  inquire  into  the  best  form  of  chamber,  which,  it 
seems  to  me,  is  indicated  by  the  preceding  observations. 

By  referring  to  pages  31-37  it  will  be  seen  that  the 
sulphurous  acid,  after  entering  the  chamber  at  one  end, 
becomes  almost  immediately  acted  upon  by  the  steam 
and  nitric  acid  with  which  it  comes  in  contact ; that 
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the  action  between  the  gases  is  very  trifling  towards 
the  top  of  the  chamber,  the  greatest  amount  of  action 
being  at  the  bottom.  This  leads  me  to  the  conclusion 
that  the  upper  portion  of  the  chamber  acts  merely  as 
a reservoir  for  the  gases,  which  it  supplies,  as  they  are 
wanted,  to  the  lower  portions,  where  the  conditions  are 
more  favourable  to  the  formation  of  acid. 

If,  now,  instead  of  using  the  chambers  as  at  present 
employed,  the  height  were  to  be  lessened,  there  would 
then  be  a much  greater  condensing  surface  than  in  the 
present  form.  And  here  I should  just  like  to  say  a 
word  respecting  condensing  surface.  It  seems  to  be 
tacitly  admitted  among  the  greater  proportion  of  sul- 
phuric acid  manufacturers  that  the  one  thing  needful 
for  complete  condensation  is  “ condensing  space and 
“condensing  space”  and  “condensing  surface”  are 
often,  indeed  generally,  used  as  synonymous  terms.  I 
have  shown  that  very  little,  if  any,  action  takes  place 
when  there  is  no  “ surface ;”  the  presence  of  some 
tangible  substance  seems  to  influence  in  some  indirect 
way  the  action  of  the  gases  upon  each  other.  This 
also  seems  to  be  the  common-sense  view  to  take;  but 
even  among  thoroughly  practical  men  the  confusion 
regarding  “space”  and  “surface”  seems  to  be  very 
great. 

To  return,  however,  to  my  subject.  Suppose  the 
height  of  the  chamber  were  diminished,  the  con- 
densing  surface  is  increased,  and  there  is  nothing  ad- 
mitted into  the  chamber  which  would  tend  to  baffle  the 
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draught  in  any  way — indeed,  according  to  the  shape 
of  the  proposed  chamber,  the  draught  will  be  rather 
increased ; we  also  bring  the  gases  more  in  contact 
with  any  already-formed  acid  at  the  bottom  of  the 
chamber,  which  I have  shown  determines  very  rapidly 
the  action  between  the  gases.  This  form  of  chamber 
also  would  be  much  more  easily  managed  than  the  one 
now  in  use,  which,  from  its  very  unwieldiness,  involves 
the  manufacturer  in  many  expenses  which  are,  in 
reality,  perfectly  needless.  If,  again,  the  mere  item  of 
expense  be  considered,  I think  every  one  will  agree 
that  the  expense  of  building  a chamber  half  the  size 
of  that  in  use  at  present  would  be  a very  considerable 
advantage  to  the  manufacturer.  The  dimensions  of 
the  chamber  I would  recommend  are  as  follows : — 

Length,  16*0,  200,  or  even  210  feet. 

Width,  30  feet,  increasing  in  ratio  to  length. 

Height,  10  feet,  and  for  any  length  of  chamber  the 
height  should  not  be  increased. 

I feel  confident  from  my  own  experience,  encouraged 
greatly  by  my  experiments,  that  the  foregoing  size  of 
chamber  would  be  much  preferable  to  our  present 
large-sized  ones,  and  would  not  only  give  a much 
larger  yield  of  vitriol  from  the  same  expenditure  of  * 
sulphur,  but  would,  in  the  mere  matter  even  of  chamber 
room,  be  of  great  value  to  the  manufacturer. 

Before  leaving  this  part  of  my  subject,  I would  like 
to  uotice  two  methods  of  working  sulphuric  acid 
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chambers  which  seem  to  me  to  deserve  special  atten- 
tion— those  of  Mr.  Ward  and  Mr.  Gossage. 

The  method  proposed  by  Mr.  Ward  consists  in  adding 
more  condensing  surface  to  the  chamber,  by  the  intro- 
duction of  glass  sheets  or  tubes,  placed  horizontally 
and  longitudinally  in  the  chamber  upon  which  the  acid 
condenses.  I extract  the  following  description  of  the 
plan  from  Messrs.  Richardson  and  Watts’  Technology.* 
“ Mr.  Ward  passes  the  usual  mixture  of  sulphurous  and 
“ nitrous  gases  first  into  a mixing  chamber  formed  of 
“ lead,  which  may  be  of  much  smaller  dimensions  than 
“ the  leaden  chambers  generally  employed;  for  example, 
“ if  the  burners  are  of  a size  to  burn  140  cwt.  of  sulphur 
“ pyrites  in  24  hours,  the  mixing  chamber  may  be  G4 
“ feet  long,  16  feet  high,  and  20  feet  wide.  In  this 
“ chamber  the  gases  become  mixed,  and  on  the  intro- 
“ duction  of  steam  a portion  of  the  acid  is  condensed. 
“ From  the  mixing  chamber  the  gases  remaining  un- 
“ condensed  pass  into  a second  chamber,  also  made  of 
“ lead,  and  (for  burners  of  the  dimensions  stated)  about 
“ 200  feet  long  by  3 feet  high,  and  3 feet  wide ; the 
“ bottom  of  this  chamber  should  be  divided  into  four 
“ equal  parts,  to  allow  of  the  acid  being  run  off  sepa- 
“ rately.  Within  this  chamber,  sheets  of  glass  are 
“ arranged  horizontally  and.  parallel  to  one  another, 
“ at  a distance  of  about  an  inch  apart.  The  sheets  of 
“ glass  are  supported,  one  over  the  other,  on  strips  of 

* Richardson  and  Watts’  Technology,  Vol.  I.,  Part  V.,  Appendix  A, 
page  Il'S. 
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“ glass  or  earthenware  supports,  until  the  pile  reaches 
“ to  the  top  of  the  chamber.  The  sheets  may  be  of 
“ any  convenient  length,  and  each  layer  is  placed  end 
“ to  end,  until  the  layer  extends  to  a distance  of,  say, 
“ 25  feet.  The  cover  of  the  chamber  may  be  made  in 
“ sections,  so  that  it  may  be  readily  removed  for  con- 
“ venient  access  to  the  glass.  The  portion  of  the 
“ chamber  thus  filled  with  the  pile  of  glass  is  divided 
“ by  it  into  a series  of  narrow  passages  running  the 
“ whole  length  of  the  pile,  and  through  them  the  gases 
“ are  compelled  to  pass.  At  the  end  of  the  first  pile 
“ a space  is  left  in  the  chamber,  about  4 feet  in  length, 
“ to  allow  the  gases  again  to  mix  freely,  and  then 
“ another  pile  of  glass  similar  to  the  first  is  formed, 
“ and  in  this  way  the  chamber  is  filled,  the  piles  of 
“ glass  and  mixing  spaces  occurring  alternately  at 
“ equal  distances  apart.  Steam  is  introduced  into  the 
“ second  chamber  at  the  end  next  to  the  first  chamber, 
“ and  in  sufficient  quantity  to  produce  acid  of  from 
“ 1-675  to  1-750  specific  gravity  in  the  farthest  or  last 
“ division  of  the  second  chamber.  This  acid  contains 
“ a considerable  quantity  of  nitrous  acid  and  nitric 
“ oxide ; it  is  run  back  into  the  leaden  trough  leading 
“ from  the  burners  to  the  first  chamber,  where,  by  the 
“ action  of  the  sulphurous  gas  and  steam,  it  is  deprived 
“ of  its  nitrous  acid  and  nitric  oxide.  Glass  tubes  of 
“ about  an  inch  in  diameter  may  be  employed  instead 
“ of  the  sheets,  the  tubes  being  laid  horizontally  and 
“ longitudinally  within  the  chamber,  so  as  to  produce  a 
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“ similar  range  of  piles.  The  glass  employed  should 
“ contain  as  little  alkali  as  possible,  otherwise  it  will  be 
“ slowly  acted  on  by  the  acid.  If  the  draught  through 
“ the  chimney  to  the  chambers  is  weak,  so  that  it  would 
“ be  less  injuriously  checked  by  these  arrangements,  the 
“ sheets  of  glass  may  be  placed  at  greater  distances 
“ apart ; or  if  tabes  be  employed,  they  may  be  made 
“ larger  in  diameter  ; the  greater  the  extent  of  surface, 
“ however,  introduced  into  the  chamber,  the  greater  is 
“ the  advantage  obtained,  so  long  as  the  draught  is  not 
“ injuriously  checked,  the  exposed  surfaces  tending  to 
“ accelerate  the  chemical  changes  and  facilitate  the 
l'  condensation  of  the  acid.  The  quantity  of  steam 
“ introduced  into  the  second  chamber  should  be  carefully 
“ regulated  within  the  limits  stated,  as,  if  less  be  in- 
“ troduced,  the  acid  will  be  liable  to  form,  in  cold 
“ weather,  a crystalline  mass  filling  up  the  passages 
“ and  retarding  the  draught ; and  if  the  quantity  of 
“ steam  is  largely  increased,  the  quantity  of  acid 
“ obtained  from  a given  quantity  of  pyrites  will  be  less, 
“ and  a loss  of  nitrous  acid  and  nitric  oxide  will  also 
“ result. 

“ The  patentee  adds  that  the  following  advantages 
“ are  gained  by  this  plan : — A greater  quantity  of  acid 
“ may  be  manufactured  in  a given  space ; a greater 
“ quantity  of  acid  may  be  manufactured  from  a given 
“ quantity  of  pyrites  or  sulphur;  a much  smaller 
“ quantity  of  nitrate  of  soda  is  required,  and  the  wear 
“ and  tear  of  the  chambers  is  reduced.” 
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Before  making  any  remarks  on  Mr.  Ward’s  process 
I shall  refer  to  that  of  Mr.  Gossage. 

Mr.  Gossage’s  specification,  dated  a.d.  1857,  Jan- 
uary 13th,  No.  107,  treats  of  “Improvements  in  the 
manufacture  of  sulphuric  acid,  and  in  the  construction 
of  apparatus  used  for  such  manufacture.”  The  only 
part  of  this  patent  I intend  touching  upon  is  that  con- 
nected with  the  form  of  chamber  Mr.  Gossage  proposes 
to  employ.  In  this  specification  he  says  the  first  thing 
is,  “ The  construction  of  chambers  to  be  used  in  the 
“ manufacture  of  sulphuric  acid,  of  which  the  height 
“ is  greater  than  the  horizontal  length,  and  through 
“ which  gases  employed  for  the  manufacture  of  sulphuric 
“ acid  are  caused  to  pass  in  a vertical  or  nearly  vertical 
“ direction.” 

In  these  two  patents  we  have  what  seems  to  me  a 
step  in  the  right  direction,  but  a step  which  few,  if  any, 
have  taken.  Here  we  see  a striving  after  condensing 
surface,  and  not  condensing  sjoace.  It  is  well  known 
that  condensation  takes  place  more  rapidly  near  the 
surface  of  a vessel  than  near  the  middle,  but  in  many 
patents  this  fact  seems  to  have  been  disregarded. 

A great  cry  used  to  be  for  a large  chamber — one 
with  plenty  of  room  in  it — this  was  the  idea  of  one  of 
our  greatest  manufacturers ; wdiereas  the  idea  embodied 
in  Mr.  Ward’s  patent  is  much  nearer  the  truth,  although 
it  is  not  quite  it ; at  least,  it  seems  to  me  we  have  in 
it  a perplexity  of  means  to  attain  a simple  end.  Mr. 
Ward  has  first  a small  mixing  chamber  into  which  the 


7 2 The  Chemistry  of  Sulphuric  Acid  Manufacture. 


gases  pass  before  entering  the  large  chamber,  when  the 
greatest  amount  of  condensation  takes  place.  Again, 
the  presence  of  the  glass  tubes  in  such  large  quantity 
may  serve,  as  Mr.  Ward  himself  says,  to  baffle  the 
draught.  What  goes  on  in  Mr.  Ward’s  two  chambers 
is  exactly  similar  to  that  occurring  in  the  one  chamber 
in  general  use  in  sulphuric  acid  manufacture,  with  the 
difference  that  Mr.  Ward  gives  additional  condensing 
surface.  But  the  chamber  in  which  the  glass  tubes 
are  placed  (which  after  this  I will  call  the  second 
chamber)  must  be  proportional  in  size  to  the  amount 
of  sulphur  admitted  to  the  chamber,  so  that  if  he 
had  fewer  kilns  he  would  require  to  curtail  the 
length  of  the  second  chamber  and  most  probably  the 
capacity  of  the  first — that  is  to  say,  he  would  simply 
have  less  condensing  surface.  (I  say  the  length  of  the 
second  chamber,  as  I do  not  for  a moment  imagine  he 
would  further  baffle  the  draught  by  diminishing  the 
height  or  width.)  Here,  then,  it  appears  to  me  we  have 
rather  a useless  expenditure  of  appliance.  If  Mr. 
Ward  did  away  with  the  interior  padding  of  his  second 
chamber,  and  raised  its  height,  say,  to  8 or  10  feet, 
with  a corresponding  difference  in  width,  still,  however, 
keeping  the  same  length,  he  would  have,  for  an  average 
amount  of  acid,  obtained  a less  expensive  chamber,  and 
one  which  would  be  quite  as  efficient  for  the  required 
purpose.  I have  shown  in  a preceding  page  that  in 
the  ordinary  chamber  the  greatest  amount  of  action 
between  the  gases  takes  place  at  the  bottom  of  the 
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chamber,  whilst  little  or  no  action  takes  place  above ; 
if  then  the  chamber  be  extended  in  length,  and  dimin- 
ished in  height  and  width,  the  required  purpose  is 
answered.  Let  the  draught  be  only  moderately  fast, 
and  from  one  chamber  pass  the  gases  into  another 
similarly  constructed  (as  is  done  now  with  the  present 
form),  and  we  have  a very  inexpensive  chamber ; in 
fact,  we  have  the  greatest  amount  of  work  done  with 
least  outlay.  This  is  evidently  the  principle  of  Mr. 
G-ossage’s  chamber,  only  he  recommends  a vertical 
instead  of  a horizontal  passage  of  the  gases.  There  is 
one  great  drawback,  however,  in  this  process ; he  does 
not  allow  the  gases  to  be  exposed  to  the  surface  on 
which  they  condense  most  readily — I mean  the  surface 
of  already -formed  sulphuric  acid.  I have  already  shown 
that  the  action  between  the  gases  takes  place  much 
more  rapidly  when  sulphuric  acid  is  already  present  in 
the  vessel ; and  this  is  a fact  well  known  to  some 
manufacturers ; but  if  Mr.  G-ossage’s  chambers  were  to 
be  laid  horizontally  instead  of  vertically,  there  would 
be  a greater  exposure  to  this  surface,  and  therefore  a 
greater  yield  of  acid,  and  would  also  be  the  form  of 
chamber  which  Mr.  Ward  recommends,  minus  the 
padding,  and  the  one  which  I have  already  said  seems 
to  be  distinctly  pointed  out  by  chemical  analysis  and 
careful  investigation  of  the  various  conditions  under 
which  the  maximum  amount  of  sulphuric  acid  is 
formed. 
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On  the  “ Gay-Lussac  ” Tower,  and  Escape  of 
Sulphurous  Acid  to  the  Atmosphere. 

In  the  preceding  pages  I have  entered  minutely  into 
the  chemistry  of  the  actions  which  take  place  in  the 
lead  chamber.  I must  now  pass  from  the  particular  to 
the  general.  The  first  thing  which  attracts  attention 
after  the  actions  which  take  place  in  the  chamber  is 
the  escape  of  sulphurous  acid  to  the  atmosphere. 

Although  the  principle  involved  in  the  “ Gay-Lussac  ’’ 
tower  is  very  perfect,  there  are  many  practical  difficul- 
ties in  the  way.  In  the  first  place,  the  strength  of  the 
acid  which  is  being  pumped  up  to  the  top  of  the  tower 
should  be  of  a strength  of  about  l0-75  Twaddell.  It  is 
difficult  to  be  always  sure  of  this.  Workmen  are  very 
apt  to  neglect  this  part  of  the  precautions,  and  to  use 
the  first  acid  that  comes  to  hand : and  it  is  verv  fre- 
quently  found  that  the  acid  being  pumped  up  is  the 
ordinary  chamber  vitriol  of  l°-5  Twaddell,  or  perhaps  a 
little  stronger,  having  been  exposed  only  a very  short 
time  to  the  heat  of  the  evaporating  pans.  Then,  again, 
the  chamber  draught  requires  to  be  very  carefully  regu- 
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lated,  otherwise  a large  amount  of  the  nitrous  fumes 
escapes  the  sulphuric  acid  in  the  tower  and  makes  its 
way  to  the  atmosphere  ; upon  this  draught  depends 
also,  as  I have  shown,  the  amount  of  sulphur  which 
must  he  burned  in  the  kilns. 

These  are  only  one  or  two  of  the  difficulties  which 
prevent  the  complete  action  of  the  principle,  perfect 
theoretically,  of  the  Gay-Lussac  tower.  Again  there 
arises  the  difficulty  of  finding  the  requisite  supply  of 
nitric  acid.  It  is,  I may  say,  impossible  to  have  the 
theoretical  amount  of  nitric  acid  present  which  is 
required  to  convert  the  total  amount  of  sulphur  being 
burnt,  so  that  manufacturers  have  to  choose  between 
two  evils — either  allowing  sulphurous  or  nitric  acid  to 
escape ; and,  as  practical  men,  they  give  in  their  adhe- 
sion to  the  principle  of  losing  that  which  costs  least ; so 
that  less  than  the  requisite  amount  of  nitric  acid  is 
added,  while  a very  considerable  amount  of  sulphurous 
acid  gas  escapes  to  the  atmosphere. 

There  have  been  some  plans  proposed  which  would 
in  reality  do  away  with  the  Gay-Lussac  tower  alto- 
gether, but  these  are,  when  inquired  into,  seen  to  be 
merely  modifications  of  that  plan.  Of  these,  the  most 
important,  to  my  idea,  was  one  brought  forward  some 
years  ago  by  Mr.  Hofmann,  and  which  was  tried  in  this 
country,  with  very  indifferent  success,  by  Mr.  Peter 
Spence,  the  great  alum  manufacturer. 

In  the  ‘ Berichte  der  Deutschen  Chemischen  Gesell- 
schaft  zu  Berlin,’  No.  1, 1870,  Mr.  A.  W.  Hofmann  pro- 


76  The  Chemistry  of  Sulphuric  Acid  Manufacture. 

poses  a new  method  of  working  the  chambers  used  in 
sulphuric  acid  manufacture.  His  plan  is  based  upon 
the  generally  accepted  idea  that  the  use  of  the  nitric 
acid  is  to  act  as  a carrier  of  oxygen  from  the  air  to  the 
sulphurous  acid.  Theoretically,  therefore,  a given 
amount  of  nitric  acid  ought  to  be  able  to  convert  an 
unlimited  amount  of  sulphurous  into  sulphuric  acid, 
provided  air  was  present  in  a large  enough  quantity 
and  that  there  should  be  absolutely  no  loss  of  nitric 
acid.  That  this  is  not  the  case  every  manufacturer 
knows,  and  therefore  Mr.  Hofmann  endeavours  to  dis- 
cover the  reason  why,  even  when  the  chambers  are 
worked  properly,  there  is  a loss  of  nitric  acid.  Although 
Mr.  Hofmann  has  not  got  to  the  bottom  of  the  question, 
yet  his  results  are  very  interesting : — 

“ When  sulphurous  acid  is  caused  to  pass  into  nitric 
acid  which  contains  some  sulphuric  acid  (sp.  gr.  1*676 
to  1*714),  the  nitric  acid  is  converted  into  compounds 
which  form  along  with  the  sulphuric  acid  present  the  so- 
called  chamber  crystals,  without  any  perceptible  forma- 
tion of  protoxide  of  nitrogen  ; but  when  the  nitric  acid 
is  impregnated  with  a sulphuric  acid  (sp.  gr.  1*532),  and 
the  experiment  just  alluded  to  repeated,  there  is  formed 
a considerable  quantity  of  nitrogen,  which  is,  of  course, 
quite  as  injurious  to  the  process  as  the  presence  and 
formation  of  protoxide  of  nitrogen.  The  explanation 
of  this  phenomenon  is  the  insufficient  strength  of  the 
sulphuric  acid  to  form  in  combination  with  the  higher 
degrees  of  oxidation  of  nitrogen  the  so-called  chamber 
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crystals.  This  having  been  ascertained,  the  author 
applied  his  knowledge  of  these  facts  in  the  following 
manner  on  the  large  scale  : — The  quantity  of  steam 
admitted  to  the  first  chamber  (the  so-called  tambour)  was 
so  regulated  as  to  produce  acid  only  at  60°  Beaume  (sp. 
gr.  T714  = 143°  Twaddell),  with  the  striking  result, 
fully  confirming  the  laboratory  experiment,  that  a far 
smaller  quantity  of  nitric  acid  was  required  for  the 
same  production  of  sulphuric  acid.  The  author  adds, 
that  if,  by  accident,  the  strength  of  the  acid  in  the  afore- 
said chamber  should  fall  below  the  specific  gravity  first 
alluded  to,  it  can  be  easily  brought  up  to  that  strength 
by  the  addition  of  acid  of  60°  Beaume  (sp.  gr.  T847  = 
169°  Twaddell).  By  this  contrivance  it  is  possible  to 
manufacture  sulphuric  acid  with  a consumption  of  only 
1 lb.  of  nitric  acid  for  100  lbs.  of  sulphur  burnt.”* 

A modification  of  this  plan  of  Hofmann’s  was  used 
by  Mr.  Spence,  of  Manchester,  which  consisted  in  the 
method  of  manipulating  the  chambers.  Mr.  Spence 
put  three  chambers  in  connection  with  each  other.  Into 
chamber  Mo.  1 he  passed  the  sulphurous  acid  from  the 
kilns,  working  this  chamber  in  the  ordinary  manner, 
getting  an  acid  of  specific  gravity  1*5.  Chambers  Mo.  2 
and  3,  however,  he  worked  without  steam,  thus  raising 
the  specific  gravity  of  the  acid  to  1*715.  The  acid  con- 
densed in  chambers  No.  2 and  3 runs  back  to  chamber 
Mo.  1,  when  the  acid  of  specific  gravity  T715,  which 
contains  a considerable  quantity  of  nitric  acid,  gives 
* ‘ Chemical  News,’  vol.  xxi.,  p.  106.  1870. 
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this  up  on  coming  into  contact  with  the  diluted  acid  in 
No.  1,  having  thus  less  loss  in  nitric  acid,  and  thus 
reducing  the  amount  of  nitre  required  to  be  used. 
Mr.  Spence  gives  some  numbers  which  are  interesting 
as  regards  this  method  of  procedure  : — 

“ When  I commenced  operations  my  consumption  of 
nitrate  of  soda  was  exactly  4 tons  2 cwt.  weekly.  I 
have  reduced  it  down  to  3 tons,  and  my  acid  is  still  of 
good  colour,  showing  sufficient  nitric  ; and  last  week 
my  production  was  rather  over  my  average.”*  Mr. 
Spence  was  at  this  time  requiring  90  to  100  tons  of 
acid  of  specific  gravity  L845  per  week.  In  the  same 
letter  he  says : “ I think  I see  my  way  to  working  with 
2 tons  nitrate  instead  of  4 tons  2 cwt.” 

However,  as  Mr.  Spence  himself  saw,  this  was  merely 
a modification  of  the  Gay-Lussac  tower,  with  the  excep- 
tion that  no  tower  was  used,  but  that  the  two  last 
chambers  acted  that  part,  the  acid  in  which  absorbed 
the  escaping  oxide  of  nitrogen,  and  gave  it  up  on 
coming  in  contact  with  the  acid  in  chamber  No.  1, 
which  contained  a large  amount  of  water. 

The  principal  objection  raised  to  this  was  the  wear 
and  tear  the  chambers  were  subjected  to  by  the  action 
of  the  nitric  acid.  In  the  two  last  chambers  the  action 
upon  the  lead  must  have  been  very  great,  as  both  the 
sulphuric  and  nitric  acids  must  have  been  acting  upon 
it.  I must  certainly  also  agree  with  Mr.  Spence  when 
he  says  that  not  only  does  he  not  believe  in  Mr.  Hof- 

* ‘ Chemical  News,’  vol.  xxi.,  p.  ISO.  1S70. 
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mann’s  theory,*  but  that  “the  theory  of  sulphuric 
acid  production,  as  well  as  the  facts  of  the  Gay-Lussac 
process,  in  my  opinion,  disprove  Mr.  Hofmann’s  hypo- 
thesis.” 

We  have  here  a very  good  illustration  of  the  method 
employed  (and  which,  I might  almost  safely  say,  was 
called  into  existence  by  the  invention  of  what  is  now 
known  as  the  Gay-Lussac  tower)  of  making  an  effort 
to  prevent  the  consequences  which  are  sure  to  follow  a 
fault  instead  of  attempting  to  correct  the  fault  itself. 
In  this  case,  instead  of  a careful  inquiry  into  the  cause 
of  the  escape  of  nitric  oxide,  we  take  it  as  a recognised 
fact  that  such  a gas  must  escape,  and  that  our  only 
hope  rests  in  some  method  of  absorbing  it,  whilst  the 
theory  upon  which  the  whole  superstructure  of  this 
manufacture  is  built  tells  us  plainly  and  unceasingly 
that  there  should  be  no  such  escape,  and  that  any 
escape  is  owing  to  our  own  carelessness.  It  is  not  often 
carelessness  brings  out  great  results,  yet  it  has  done  so 
most  undeniably  in  this  case ; but  the  Gay-Lussac 
tower  once  invented,  we  have  fallen  back  into  more 
than  our  old  carelessness. 

To  proceed  now  to  the  second  part  of  this  paper — 
the  escape  of  sulphurous  acid  to  the  atmosphere. 

In  the  greater  number  of  chemical  works  such  an 
escape  does  take  place ; in  some  there  are  various 
methods  employed  to  make  use  of  the  gas.  The  most 
common  one  is  that  of  passing  it  over  with  irite,  and  thus 
* ‘Chemical  News,’  vol.  xxi.,  p.  224.  1870. 
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getting  a sulphate  of  barium.  This  plan  is  really  a 
very  good  one,  but  for  my  own  part  I find  that  it  inter- 
feres a great  deal  with  the  draught,  and  that  after  all 
a very  large  amount  of  acid  escapes. 

In  an  alkali  works  near  Manchester  the  following 
amount  of  sulphurous  acid  gas  was  escaping : — 


Here  we  have  an  idea  of  the  great  escape  of  this  gas  to 
the  atmosphere.  I have  also  been  informed  by  some 
chemists  that  in  the  works  with  which  they  are  con- 
cerned as  much  as  12  per  cent.,  and  even  15  per  cent., 
escapes. 

Surely  this  can  be  stopped  in  some  way?  Par- 
liament has  effectually  stopped  the  great  escape  of 
hydrochloric  acid  gas,  by  the  Alkali  Act  of  1S63  ; and 
surely  the  time  has  come  when  the  escape  of  this  and 
other  noxious  gases  should  be  prohibited  under  heavy 
penalties.  Alkali  manufacturers  wTould  in  reality  be 
gainers  by  such  a law,  the  amount  they  lose  annually 
by  the  present  system  being  extremely  large. 

Dr.  Eoscoe,  of  Manchester,  in  a ‘ Report  on  the  State 
of  Chemical  Works,’  makes  0'25  grain  sulphur  per 
cubic  foot  as  an  allowance  of  escape  of  sulphurous 
acid  from  the  chimney.  This  is  very  moderate  ; few 
works  will  keep  within  such  bounds.  If  Parliament 
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were  to  take  up  the  point  and  institute  investigations 
regarding  it,  I am  afraid  they  would  have  to  come  to 
the  conclusion  that  twice  that  amount  would  be  the 
maximum  escape  allowed. 

I hope,  however,  before  long  to  see  a very  different 
state  of  affairs  in  this  manufacture.  The  residents  in 
the  neighbourhood  will  be  very  glad  to  find  the  escape 
lowered  to  05  grain  per  cubic  foot,  and  I venture  to 
say  will  not  complain  greatly  of  this  amount. 

I must  now  conclude.  I have  brought  together  in 
this  small  volume  facts  which,  scattered  though  some 
of  them  are,  and  comparatively  insignificant,  yet  are  of 
great  value  to  manufacturers  of  sulphuric  acid.  I hope 
this  book  may  be  of  real  use  in  helping  those  who  are 
too  much  engaged  in  the  merely  business  part  of  the 
work,  to  be  able  to  see,  in  the  very  hurried  glance 
which  so  many  of  them  get  over  their  works,  the  parti- 
cular points  to  which  attention  ought  to  be  paid,  and  to 
see  with  their  own  eyes  what  they  must  otherwise  take 
upon  the  assertion  of  their  foreman  or  manager. 


LONDON : 


I RTNTED  BY  WILLIAM  CLOWES  AND  SONS 
STAMFORD  STREET,  AND  CHARING  CROSS.  ’ 


E,  & F,  N,  SPON’S  RECENT  PUBLICATIONS. 


Royal  321110.,  russia,  gilt  edges,  I2j.  6 d. 

Engineers  Pocket-Book.  — The  Pocket-Book 

of  Pocket-Books ; being  MOLESWORTH  and  Hurst’s  Pocket-Books, 
printed  on  thin  paper  and  bound  together  in  one  volume. 


Royal  32mo.,  roan,  6r. 

Molesworth' s Engineers  Pocket-Book. — A 

Pocket-Book  of  Useful  Formula  and  Memoranda  for  Civil  and  Mechani- 
cal Engineers.  By  GUILFORD  L.  Molesworth,  Member  of  the 
Institution  of  Civil  Engineers,  Consulting  Engineer  to  the  Government 
of  India  for  State  Railways.  Seventeenth  Edition,  Revised  and 
considerably  Enlarged  by  the  Author.  Containing  150  additional 
pages. 


Sixth  Edition,  royal  32010.,  roan,  5 s. 

A Handbook  of  Formula , Rules , and  Memo- 
randa for  A rchilectural  Surveyors  and  others  engaged  in  Building.  By 
J.  T.  Hurst,  C.E. 

CONTAINING — 

Formulae  useful  in  designing  Mensuration. 

Builders’  Work.  j Table  of  the  Weight  of  Materials  used 

Memoranda  connected  with  ! in  Building. 

Builders’ Work.  Constants  of  Labour. 

The  Practice  of  Builders’  Mea-  I Valuation  of  Property. 

surement.  j Scale  of  Professional  Charges  for 

Summary  of  the  Practice  in  I Architectural  Surveyors,  &c.,  &c. 
Dilapidations. 


64010.,  roan,  gilt  edges,  is. 

Spons'  Tables  and  Memoranda  for  Engineers. 

Selected  and  arranged  by  J.  T.  Hurst,  C.E.  This  work  is  printed  in 
pearl  type,  and  is  so  small,  measuring  only  2\  in  by  2 in.,  by  J in. 
thick,  that  it  may  be  easily  carried  in  the  waistcoat  pocket. 


London  : E.  & F.  N.  SPON,  48,  Charing  Cross. 
New  York  : 446,  Broome  Street. 


E.  6-  F.  N.  S PON'S  RECENT  PUBLICATIONS. 


Just  published,  crown  8vo.,  cloth,  with  Wood  Engravings,  6.r. 

Iron  as  a Material  of  Construction ; 

Being  a Course  of  Lectures  delivered  at  the  Royal  School  of  Naval 
Architecture,  South  Kensington.  Revised  and  Enlarged.  By 
William  Pole,  F.R.S. 


Just  published,  royal  8vo.,  cloth,  with  Plates  and  Wood  Engravings,  15J. 

Works  in  Iron.  Bridge  and  Roof  Structures. 

By  Ewing  Matheson. 


Now  ready,  post  8vo.,  cloth,  6s. 

Barlow  s Tables  of  Squares , Cubes , Square 

Roots,  Cube  Roots,  Reciprocals  of  all  Integer  Numbers  up  to  10,000. 


Just  published,  8vo.,  cloth,  7 r.  6 d. 

Table  of  Logarithms  of  the  Natural  Numbers , 

from  1 to  108,000.  By  Charles  Babbage,  Esq.,  M.A.  Stereo- 
typed Edition. 

Just  published,  8vo.,  cloth,  12 s.  6 d. 

Engineering  Notes. 

By  Frank  Robertson,  F.R.A.S.,  late  First  Lieut.  R.E. 


Just  published,  2 vols.,  medium  8vo.,  cloth,  illustrated  by  a Steel  Portrait, 
Lithographs,  and  numerous  Wood  Engravings,  including  many  accu- 
rate Illustrations  of  Cornwall,  its  Mines  and  Mining  Machinery, 
£1  i6j. 

The  Life  of  Richard  Trevithick,  Inventor  of 

the  High-pressure  Steam  Engine.  By  Francis  Trevithick,  C.E. 


London  : E.  & F.  N.  SPON,  48,  Charing  Cross. 
New  York  : 446,  Broome  Street. 


